NASA Technical Memorandum 4751

Life Sciences
Program Tasks and Bibliography
for FY 1995

Office of Life and Microgravity
Sciences and Applications

Life Sciences Division
Code UL

National Aeronautics and Space Administration
Washington, D.C. 20546

“

June 1996






LSD Program Tasks - FY 1995 Table of Contents

L INTRODUCTION ...ttt - i
IL. LIFE SCIENCES PROGRAM TASKS ... 1
Elight Programs:

Bion
Cohen: Velocity Storage In Space: Adaptation of Optokinetic Nystagmus

and After-Nystagmus t0 Microgravity .....oo...veeeoveveemmressoossoososooooooooosoo 1
Edgerton: Functional Neuromuscular Adaptation to Spaceflight............cocvvnnrerervernnnce, 6
Fitts: Effect of Weightlessness on Single Muscle Fiber Function in

L . 10
Fuller: Homeostatic and Circadian Responses of Rhesus Monkeys

During Space Flight ................ccouwvvrmvvvirmserosmmsesvsmossesmsmsssssesses oo essseo, - 13
Riley: Morphological, Histochemical, Immunocytochemical, and

Biochemical Investigations of Spaceflight-Related Nerve and

MUSCLE BICAKAOWN ..........covvesvvcreeeressimsmisssismsnsssosssesssasssssssssessessssesesess - 16
Rumbaugh: Behavior and Performance PrOect .............uuvuseeumesmvsesossssessssssssssseoesossn, . 18
Shackelford: Bone and Lean Body Mass Changes Following Space Flight ......ccourevennnn. 2
Sonnenfeld: Immunology Spaceflight and Immune Responses of Rhesus Monkeys ........ 24
Tomko: Adaptation to Microgravity of Oculomotor Reflexes.......ocrvirnirieirnnrnnnn. . 26
Biorack
Hughes-Fulford: Effect of Microgravity on Osteoblast Gene Expression ..............ccorevrrnnnne. .29
Hughes-Fulford: Microgravity Effects on Bone Cell Gene Expression ............ccveeiernsronns .30
Kiss: Graviperception in Starch Deficient Plants in Biorack.............ooeoovov.oooooon - 32
Lewis: Mechanisms of Gravity Sensing and Response in Hematopoietic Cells......... 34
Nelson: Modification of Radiogenic Damage by Microgravity.........c.oevurrnnirrennnnn, . 38
Pyle: Bacterial Growth on Surfaces in Microgravity and on Earth.................. . 39
Sack: Gravitropism and Autotropism in Cress ROOLS ....u.s.evvessrvosvvooosssoossosso, - 41
Sams: Effects of Microgravity on Lymphocyte Activation: Cell-Cell

Interaction and Signaling ..., 43
Tash: Microgravity and Signal Transduction Pathways in SPerm ... 45
Biospecimen Sharing
Brunton: Biochemical Assessment of Stress in Cardiac Tissug...........crmrvvervrovsvoresonnn . 47
Jenkins: Effect of Microgravity on Rat Masseter MUSCIE ........cooocooerrorvvvoosorosssoeoeo 48
Lelkes: Effect of Space Flight on Adrenal Medullary Functions ............vvvvvvo.... . 49
Martin: Mitochondrial Changes in Muscle Following Space Flight...................... - 51
Nowakowski:  Glial Cell Reaction from Space Flight ..........coeervveommeroseessssoiseosoososssesoson 52
Rhoten: Vitamin D Endocrine System After Short-term Space Flight..............o..... . 53
Worgul: The Effect of Space Flight on Rodent Ocular TiSSUES .....cvvevrrvvvvvvvsvissro, 55
Cosmos 2229
Arnaud: The Effects of Space Flight on Bone Strength and Intracellular

Calcium in the Rhesus Monkey by Non-invasive Techniques.................... . 56




LSD Program Tasks - FY 1995

Euro-Mir
Conrad: Effects of Microgravity on Quail Eye Developmient ..........ovuveesnniseeicriinias 59
Doty: Skeletal Development in Long Duration Spaceflight..........cccccconsvcrevusnenn .- 62
Fermin: Effect of Microgravity on Afferent INNETVBHON .....cooovnnerevvnisirminrinsesensesss . 64
Fritzsch: Effects of Weigtlessness on Vestibular Development...........covvirissessiens .68
Hester: Hypogravity's Effect on the Life Cycle of Japanese (077:11 SO - 70
Hughes-Fulford: Effect of Microgravity on Osteoblast Gene EXpression ...........c.evirirearas -72
Lelkes: Avian Blood FOrmation in SPACE ..........ccocwseimmrmimississsssiscsisssassisssesmiinse . 76
MATKRAITI  eeovreeerseeriectissssiens s s sast b s s AR S0 79
MATKRAIME  coveerrersesontsisnssss s ses s bas s s a0 sas s SRR SRR 0 80
Shimizu: Effects of Weightlessness on the Avian Visuo-Vestibular

System: Immunohistochemical ANAIYSIS .c.cceccvvwrsirivissssrsssseronmsinisnssseseenn . 81
Wentworth: Fecundity of Quail in Spacelab MICTOGTAVIEY ......commummmsserississsssssssscssscccsisen - 83
West: Pulmonary Function During Extended Exposure to Weightlessness

(EUTOMT 95) wuvvveevesnenessssissssmssssssssssssssssssessinssssisussssssstiasssstsssnsnsasesssesasesess 85
Ground Definition
Brown, Jr.: Microbial Cellulose Assembly in MiCrogravity .........ovvnimecssecnsessnenseisanss . 87
Morey-Holton:  Gravity and Bone GPOWHA coeeevverairinsssssissserssessssntseresssssssssssessisssassasasasassssssars 89
Reddy: Gravity-Induced Changes in Gene Expression in Arabidopsis........c.reuen -93
Life and Microgravity Spacelab (LMS)
Arnaud: Bed Rest Study (ground based for LMS) .cooovcvecccivusimsinssssmmssmmmensnecnisnsssssen - 95
Cann: Direct Measurement of the Initial Bone Response to Spaceflight in

HUTHANS cvvovecvseiressessessssisesssasssssssssasssssasssassassasntsasasssssisssssissstsasetssssnisesssscssise 97
Edgerton: Relationship of Long-Term Electromyographic ( EMG) Activity and

Hormonal Function to Muscle Atrophy and Performance ... 100
Fitts: Effect of Weightlessness on Human Single Muscle Fiber Function........... 104
LeBlanc: Magnetic Resonance Imaging after Exposure to Microgravity..........couree . 107
Lewis: Lignin Formation and Effects of Microgravity: a New Apporach............ - 110
Monk: Human Sleep, Circadian Rhythms and Performance in Space ......cecveenes - 112
Reschke: Canal and Otolith Integration Studies (COIS) wuvuvevcrisisisissssisisirivenerse - 114
Schiflett: Microgravity Effects on Standardized Cognitive Performance Measures.. 117
Stein: Measurement of Energy Expenditures during Spaceflight Using the

Doubly Labeled Water MEthod ........ouvvsummercssssssisisminssecninssisssssssssssssesss 121
West: Extended Studies of Pulmonary Function in Weightlessness .................. - 123
Wolgemuth: Development of the Fish Medaka in Microgravity......ce.cvivisisssnsnmssensenes - 125
Wronski: Role of Corticosteroids in Bone Loss during Space Flight ...........cccooonnennne . 128
NASA-Mir-1B
Anderson: Expression of contractile proteins in ICTOZTAVIY cvvvnecsriscissrmirsssnisssesains 130
Benton: Environmental Radiation Measurements on Mir Space Station.............. - 133
Blomgvist: Adaptive Changes in Cardiovascular Control at UG ...cveverirereissesccsinsnisinns - 135
Bloomberg: The Effects of Long-Duration Space Flight on Eye, Head &

Trunk Coordination During LOCOMOLION ...ccvvivmevsinsscsisisinmsmnessinisissseaien: 138
Eckberg: Autonomic Mechanisms During Prolonged Weightlessness ... 142
Hoban-Higgins: Effects of Gravity on Insect Circadian RAYERMICIEY ..ccoevviirinieinssermenissiines 144
Hobson: Sleep and Vestibular Adaptation .........eucsissssissisinsses st - 146
Kanas: Crew Member and Crew-Ground Interactions During NASA/Mir......... - 149
LeBlanc: Magnetic Resonance Imaging After Exposure to Microgravity ... 151

Table of Contents



LSD Program Tasks - FY 1995 Table of Contents

Palmer: Analysis of Volatile Organic Compounds on Mir Station .................. 153
Reschke: The Effects of Long Duration Space Flight on Gaze Control.................. - 155
Sams: Assessment of Humoral Immune Function During Long

Duration SPace Flight ..........ccoveonevererevecssesseresereseceseseeeosseessesssosss oo 158
Sauer: Collecting Mir Source & Reclaimed Waters for Postflight Analysis .......... 160
Shackelford: Bone Mineral Loss and Recovery after Shuttle/MIR Flights............c..... - 162
Siconolfi: Evaluation of Skeletal Muscle Performance and Characteristics............... . 164
Stein: Protein Metabolism During Long Term Space Flights ..........coooooooo........ . 166
Whitson: Renal Stone Risk During Long Duration Space Flight............................ - 168
Neurolab
Baldwin: Neuro-Thyroid Ineteraction on Skeletal Isomyosin Expression in 0 - O 170
Blomgyvist: Integration of Neural Cardiovascular Control in Space ............ooovooo....., 173
Brady: Space Flight, Stress, and Neuronal PlastiCity ................cooevveersreveresnsrrnnnn, - 176
Chapman: Microgravity Effects on Developing Vestibular Afferents ...................... 178
Cohen: Spatial Orientation of Vestibulo-Occular Reflex and Velocity Storage ...... 181
Czeisler: Clinical Trial of Melatonin as Hypnotic for Neurolab Crew..................... - 184
Eckberg: Autonomic Neuroplasticity in Weightlessness............ceommvereermensrsrison. 186
Fuller: CNS Control of Rhythms and Homeostasis during Spaceflight.................. 188
Highstein: Chronic Recording of Otolith Nerves in Microgravity ........................ - 190
Holstein: Anatomical Studies of Central Vestibular Adaptation.............erer........ 193
Keshishian: Effects of Space Flight on Drosophila Neural Development ..................... 195
Kosik: Neuronal Development Under Conditions of Space Flight ....................... . 198
McNaughton:  Ensemble Neural Coding of Place and Direction in Zero-G ................ - 19
Nowakowski:  Reduced Gravity: Effects in the Developing Nervous System ................. . 206
Oman: Role of Visual Cues in Spatial Orientation ................ceweeeeveevevevessssrrvernn, . 208
Riley: Effects of Microgravity on Neuromuscular Development.......................... . 210
Robertson: Autonomic Neurophysiology in MiCrogravity .........eeevvevmnseerenosenesones 213
Ross: Multidisciplinary Studies of Neural Plasticity in Space..............o....... . 216
Shors: The Stress of Space Flight: Effects on Learning.............ooouvceeecconmeeesrooson, . 219
Walton: Effects of Microgravity on Postnatal Motor Development.......................... 221
West: Sleep and Respiration in MiCrOGravity.......ccvvencvoncereosmseseesssssssnns 223
Wiederhold: Development of Vestibular Organs in Microgravity.................cooeeevreenenn, - 225
Spacelab-Mir (SLM-1A)
Badhwar: Inflight Radiation MeaSUTEMENLS ..........o.vvvvveecriosiseseroseneseremnesssssenssessssens 231
Bloomberg: Anticipatory Postural Activity During Long-Duration Space Flight ....... 232
Bloomberg: The Effects of Long Duration Space Flight on Eye, Head, and

Trunk Coordination DUring LOCOMOLION .........vvvvvveemirsrersineeseserereeensssnnees 236
Charles: Physiological Response During Descent on the Space Shuttle ................. . 240
Charles: Studies on Orthostatic Tolerance with the Use of LBNP ...............cco....... 241
Feeback: Morphological, Histochemical, and Ultrastructural Characteristics of

SKkeletal MUSCIE........vvvivinsciiciissrerisineserisssssssins s sssssesssssosssssennsssrsens - 242
Fortney: Evaluation of Thermoregulation During Long Duration Spaceflight........ 24
Harm: Assessment of Autonomic and Gastric Function During Spaceflight,

Entry and LANGING ...........ovcccvivnonercosnnsccrisenssvcisssssinssssissesssisismsesssessssesns . 247
James: Trace Chemical CONtAMINGHON .........ouvevveveroreoneerererossesserisseessesiossesesseses . 249
Lane: Dynamics of Calcium Metabolism and Bone Tissue ..............comeversrrenn, . 252
Lane: Fluid and Electrolyte Homostasis and its Regulation .............ccooevvvennn... . 254
Lane: Red Blood Cell Mass and SUPVIVAL .............cveevmeevesivesorecessesnsesssssesesssossnnns 256




LSD Program Tasks - FY 1995 Table of Contents

Paloski: Alterations in Postural Equilibrium Control Associated with Long

Duration Space FUGRE ........vvrvocverseicisimniiniissiisssisssssrssssesissinsssanarssiss 258
Pierson: MUCTOBIOIORY 1vvvvsirvvrruisssnisssseesinsssscssssssssmsssssssssnsssssssesessecismsssssssinnsssssssesens 261
Pierson: Viral REACHUBHION ..vucvvevvvvrerseisccaniisisnsrsssssisssissssisesinssssininssssssissssssssssssssses 263
Putcha: Physiologic Alterations and Pharmacokinetic Changes during

SPACEMHGRE ..vvvvusasnsisssereseessasississssssssssssis s sssssisams s s 265
Putcha: Physiologic and Pharmacokinetic Changes During Space Flight ............. . 266
Reschke: The Effects of Long Duration Space Flight on Gaze Control.........cevereinees . 268
Salisbury: GTEEMAOUSE ... cversvessosersasasesesisesssasmasiosstbsbasssassssessassassossisesinsisasensrenanassses . 271
Sams: Humoral IMMUNIEY ....cvoervvieiviinersinessssinsssiissss i issssssssesastsmssssississsasssees 274
Sams: Peripheral Mononuclear Cells .........oumncissssisimmsssmismsininiissises . 276
Siconolfi: Evaluation of Skeletal Muscle Performance and Characteristics............. . 278
Siconolfi: Maximal Aerobic Capacity Using Graded Bicycle Ergometry ...............c. 280
Whitson: Renal Stone Risk ASSESSTNENLE .......ovirivunsrssssssssisssmsssssssssssssisssisessssssisonssisins 282
Yang: Measurements of Cytogenetic Effects of Space RAdigtion ...........cvueceriven - 284
Yelle: Studies of Mechanisms Underlying Orthostatic Intolerance Using

Ambulatory Monitoring, Baroflex Testing and the Valsalva Maneuver .. 286

Space and Life Sciences-2 (SLS-2)

Stein: Protein Metabolism During Space Flight (SLS-1 and SLS-2) .....covsisecseee 288
West: Pulmonary Function During Extended Exposure to Weightlessness........ 291
Small Payloads
Alberts: Spaceflight Effects of Mammalian Development .....ccoicuvisssesssssssssesmesnesnnes . 292
Badhwar: PHANEOM TOTSO «.vvvvrvreriresssenssissssinsisisisasissssssssisississtssasassssssssisssassnasssssessssses . 295
Bodine-Fowler:  Adaptive Response of Slow and Fast Skeletal Muscle in the

Mottkey 10 SPACEMUGHE vvvcvvvevissisisssississssssssssssss s sssssssssssssssasssssininss 296
Boskey: Investigations of the Effects of Microgravity on In Vitro

Cartilage CAICFICAtION .uvuvereemssuimismmmrimimmmimirsisssssssssssssssssssssstssssssssssssssssss - 299
Brady: Stability and Precision of Human Performance during a Spacelab

MUSSTON 1eveveerersusisssssisanenersssstasssststetb s s s s ass et R BRSO LR SRR SRR SRR SRS SRS SRS 00 - 30
Brown: Starch Metabolism in Space-Grown Soybean Seedlings ... . 302
Burden: Physiological Anatomical Rodent Experiment (PARE) 04:

Flight SUPPOPE covvvervesesesesssssssssssssssisssssssssmiss sttt 306
Clark: Effects of Space Flight on Muscles and NETvEs w.c...misnisisissesiseee . 308
Conger: Somatic Embryogenesis of Orchardgrass in Microgravity ... 311
DeSantis: Development of Sensory Receptors in Skeletal Muscle ..........ccvuscssnen . 313
Ferl: Genetically Engineered Plant Biomonitors in Microgravity......ouiins . 315
Fuller: Effect of Spaceflight on the Development of the Circadian

THMING SYSLEM wovvvvmrisinesssrssssisssssssssminisism s st . 317
Globus: Effects of Hypogravity on Osteoblast Differentiation ..........c.couuumiirisasnns . 319
Hoath: Effect of Microgravity on Epidermal Development in the Rat ..........coocounee. 321
Hood: Regulation of Cell Wall Polymers by Microgravity ..oecserenesisssesssnn 323
Johnson: Effect of Gravity on the Attachment of Tendon to Bone..........cconnusrivnisirines 326
Krikorian: Plant Embryos and Fidelity of Cell Division ift SpaCE wc.cvewesissivmiviversveren 328
Kulesh: Molecular and Cellular Analysis of Space Flown Myoblasts ...o..........c...... 335
Lambert: An Experiment to Study the Role of Gravity in the Development

Of the OPHC NEPVE covvvvivesisissmarissssssssssssessnssssisssssisissssssssses s 341
Landis: Influence of Space Flight on Bone Cell CultUres .......ccooovscivisisisssscisisirisine - 343
Majeska: Osteoblast Adhesion and Phenotype in Microgravity.....coeueinseeicrennss . 345
McCarron: Ca™ Metabolism and Vascular Function After Space Flight .c....coocireeeeer 347

vi



LSD Program Tasks - FY 1995 Table of Contents

Musgrave: Microgravity Effects on Early Reproductive Development in Plants ........ 351
Partridge: Effect of Microgravity on Bone Development .........veveeererrrersosoo 353
Renegar: Microgravity and Placental Development ..............v..ovvveveremmerveossrero . 355
Riley: Flight Verification Test of Nursing Facility .............cceeeormvmvmmvemsooososooor 357
Schatten: Microgravity Effects during Fertilization, Cell Division, Development,

and Calcium Metabolism in Sea UrcRins .............o.ccoeveremmmererrooooessoosoo, 359
Sonnenfeld: Effect of Spaceflight on Development of Immune Responses.................... - 366
Spangenberg: Role of Thyroxine in Space-Developed Jellyfish.............oomrmmmmrrrerrernn.... - 368
Tischler: Effects of Microgravity on Tobacco Hornworm (Manduca Sexta)

During MetamorpROSis................coovccorsmrrirmmsriinssssissssserossseeossssssessssses s 370
Turner: Effect of Spaceflight on TGF-b Expression by hFOB Cells....................... 372
Vandenburgh:  Effect of Space Travel on Skeletal Myofibers .........veevevvvvvvveveoroveeoooo . 377
WAIION: st sese sttt e eee s oo 380

Ground-based Programs:

Advanced Life Support
Alexandre: Water Purification in Microgravity by Freeze Separation ...................... 381
Birbara: Advanced Waste Management Technology Evalugtion ..................... 383
Bugbee: Crop Production Optimization Using CO, Gas-exchange.......................... 385
Drysdale: Al Software Development for Advanced Life Support.................coo....... . 388
Finn: Adsorbed Carbon Dioxide and Water Interactions and Maintenance of

Low CO, Levels in Closed ENUITONMENLS .........vveeevecrerersronsrorsrioesssssosesssns 390
Lee: Low pCO, Air-Polarized CO, Concentrator Development (Phase I

of Space Station Experiment Development Study).............cooovvvvevemresseerron, 392
MacKnight: Enhanced Molecular Sieve CO, Removal Evaluation ................oomvon..... . 394
Narayanan: A Novel Method For Air Revitalization-CO, Removal From

Air By @ PulSating DeviCe ..........crceumerermmririmmsisnnssisssssssissseressereosssssnsons - 396
Nienow: Testing an Algae-Based Air-Regeneration System Designed For

Use in a Weightless ERVITONMENE .........c.rvvvvvrivmmssssninsesssssesssronssssesssssons - 398
Tibbitts: Space Experiment on Tuber Development & Starch Accumulation

JOT CELSSotviietriisrtcviiiseseviinssms s ssssssssssisssssssssssesssaseessesensesnsssssnon - 400
Trachtenberg:  Biochemical Capture and Removal of Carbon Dioxide ........o.vvvvvvvvvvvo., 402
Volk: CELSS Crop Simulations for Systems Engineering and

Productivity OpHIMIZALON. ...........ccomvverirnrerricinnssssinsesessrseseeeissessrereses v - 404
Advanced Technology Development
Donskoy: Acoustic Bone Mass and Trabecular Property Measurements ................. - 406
Janle: Monitoring Physiological Variables with Membrane Probes ...................... 407
King: Assessment of the Effects of Chronic Microgravity on Ventricular

Mass by Three-Dimensional Echocardiography ..........w....cvcconneeeeerernn 411
Najafi: Fully Implantable Integrated Silicon Biotelemetry.....oouusumeeevnnrnvevvvvevernnenn, 413
Radebaugh: Pulse Tube Refrigeration New Techniques for Improving Efficiency ........ 415
Venkatasetty: Multigas Sensor for Advanced Life Support ...........veeeveveeerecneercesmresinnn. - 417
Data Analysis
Brown: New Statistical Methods for Immunoassay Data Analyses...................... - 419
Charles: Orthostatic Intolerance - Short FIQhES.......ovewvvvvveemevvevorsseseeecereoresecessssionns 422
Cohen: NASA Center for Quantitative Cardiovascular Physiology, Modeling

and Data ANGlysis ...............ccccoecormivmmmerieinmmmrionescsisniossseeoseessssesoss e - 423

vii



LSD Program Tasks - FY 1995

Table of Contents

Lambertsen: Environmental Biomedical Research Data Center..........coeveriveneiiennes - 428
Newman: Development of Data-Driven Models to Describe Astronaut

Performance in Microgravity: Full-Body Dynamics and Control ........... . 431
Oman: Spacelab Rotating CHAIr ANALYSIS ....covvvuvevmmemiimsissssssensssissssssinninnee - 434
Powell: Biophysical, Mathematical Models of Gas Phase Formation...........c.cc..... - 436
Sharp: Modeling of Cardiovascular Response to Weightlessness ...........ccocueunns - 438
Srinivasan: Applications of Mathematical Models in the S tudy of

Countermeasures to Cardiovascular Deconditioning............c.cowveerrsseiesenee 441
Environmental Health
Eggers: An Advanced Approach to Simultaneous Monitoring of Multiple

BACEETIA i1 SPACE .cvvvvvrrrrarisserirmsisssssinssisssssss s ssar i s s s 444
Eiceman: Advancement in Determining Hazardous Volatile Organic

COMPOUNAS 1L AT ovvovirsivevenmissmnsis st . 446
Golub: Plasma Chemical Approaches to the Development of

Biofilm-Resistant SUrfaces............cccooceeves ORISR - 451
Ramirez: Modeling, Monitoring and Fault Diagnosis of Spacecraft

ALF CONMEAMINANES ..o veeeeeeessiseroseretesssrsiessesbsssm s sn s s sssas s erersssuisininess 454
Sauer: Capillary Electrophoretic Methods for Monitoring Spacecraft

Water QUALILY ...c.covoumneeivianssscssisssstisness s i s e 456
Suleiman: Liquid Phase Piezoelectric IMMUNOSENSOTS woccvvvvvvvvvvunsssrmserscnsssscrsresissses . 458
Global Monitoring & Disease Prediction
Roberts: Remote Sensing for Research and Control of Malaria in Belize ....cuvvvvernnn. 460
NSCORT
Blomgqvist: NSCORT: Integrated PRYSIOIOZY ....ovvvvnivivimsmssscrinsssvisnsssssnssssssssisenscnnees . 462
Chatterjee: NSCORT: Radiation HEalt ... s . 470
Clarkson: NSCORT: Environmental HEalth ... 474
Evans: NSCORT: NASA/NSF Joint Program in Plant Biology ....c...ccoecoecrevnien: . 477
Mitchell: NSCORT: BIOREGENERATIVE LIFE SUPPORT - Biomass

Productivity and Sustainability of Bioregenerative Life

SUPPOTE SYSHEMS .ovvvvvvvervevesessismssssssssssassss s s 479
Peterson: NSCORT: Vestibular Research/ANIH) ...ccooonvioviciniiminiciniicnnnincine - 488
Spooner: NSCORT: The Center for Gravitational Studies in

Cellular and Developmental Biology ..........coomuvimmmrmseressemsssinisnssisinssinscess - 493
Space Biology
Adams: Mechanical and Molecular Stimuli for Normalizing Muscle

Mass During UnlOading ........ooeemmsinsimessismssisssimisssnsnssnmsenesseses - 504
Baird: Transduction Mechanisms in Vestibular Otolith Hair Cells ...........ooocecuvns 506
Bikle: Effect of Skeletal Unloading on Bone FOrMAtion .........occcceeeeresssssssrsssisssene . 512
Cleland: Plasmadesmata and the Control of Gravitropism .......ceecvvecccisiirsineseese 514
Cochran: Basic Gravitational Reflexes in the Larval Fr0g .oo..occcovveeiinminiiisisrunccniscnns 517
Conrad: Effects of Silver and Other Metals on the CytoSKeleton...cvevvrecinriiarairienns - 520
Cosgrove: Mechanisms of Differential Growth During Stem Gravitropism ............. .52
Danilchik: Gravity-Sensitive Period During Frog Oocyte Maturabion.........ocoocunrens 525
Decker: Mechanical Modulation of Striated Muscle PRENOIYPE ...c.c.ccvvrvvnierrinanns . 528
Dickman: Otolith-Canal Convergence in Vestibular Nuclei NEUTONS w....cocovvvverererenne 531
Duncan: Modulation of Bone Remodeling via Mechanosensitive Channels .............. 533

vili



LSD Program Tasks - FY 1995 Table of Contents

Evans: Cellular Specificity in Arabidopsis Root Gravitropism................ . - 536
Feldman: Transduction of the Gravity Signal in Roots of Cornt .........coommoooo - 538
Frangos: Microgravity In Vitro Model of Bone Cells: Flow Effects ........cccomunu...... 540
Hangarter: Mechanism of Phytochrome Regulation of Shoot Gravitropism

#1 ALADIAOPSIS vo.ccrvsvevotovserescnssmesssesseeses s 542
Harrison: Interaction of Light and Ethylene in Stem Gravitropism.................... 545
Hasenstein: Magnetophoretic Induction of Root Curvatute ... . 548
Helmstetter: "Baby Machine” Analysis of Cellular Gravity Sensitivity .................... - 550
Huang: Lineage Analysis of Axis Formation Under Novel Gravity ... 552
Hughes-Fulford: The Effects of Microgravity on Bone Osteoblast Growth............... . 554
Ingber: Mechanochemical Coupling between ECM and the Cytoskeleton............. . 557
Jones: The Effects of Gravitational Loading and Vibration on

VeSHOUIAT ONEOGENY ...ouvvvervoeerertccres s 564
Lintilhac: Self-Generating Bending Moments in Root Gravitropism......................... 567
Lomax: Gravitropic Signal Transduction in the lazy-2 Tomato Mutant............... - 570
Masson: Molecular Genetics of Root Thigmoresponsiveness in

Arabidopsis thaliana.........c..cccevuvvevereesssonocssssoooooo - 571
Mills: Are G Proteins Mechanosensors for Endothelial Cellso .................... 575
Muday: The Role of Actin Cytoskeleton in Auxin Transport and Gravitropism .... 577
Musgrave: Microgravity Effects on Early Reproductive Development in Plants ........ 580
Partridge: Skeletal Collagen Turnover by the Osteoblast ... - 582
Pickard: Mechanotransduction and the Cortical Cytoskeleton: What is

EHE TEIAHONSHIP? ...coovvoeereereoee e - 585
Poovaiah: Calcium Messenger System in Gravitropic Response in Plants ............... . 588
Rayle: Mechanism of Auxin Action in Root Growth/Gravitropism..................... . 591
Ross: Hyper-G Studies of Vestibular Maculas Neural Plasticity........ocun....... - 593
Roux: Cellular Bases of Light-stimulated GravitrOPiSL .......covvrveenerrrcesrecor e, 596
Rowe: Osteoblastic Response to Gravity in Transgenic Mice ... 599
Sack: Re-Evaluation of the Role of Starch in Gravitropic Sensing ..................... - 600
Schultz: Effects of Hindlimb Suspension on Skeletal Muscle Growth .................. 603
Sonnenfeld: Space Biology Research Project ........ooowuuueeeereereremmmmsemssosooooooooooo 606
Vandenburgh:  Growth Factors and Tension-Induced Skeletal Muscle Growth............. 608
Wayne: Gravity-Induced Polarity of Transport in Plants ..o 611
Whitson: Permeability and Gene Expression in Brain Endothelial Cells

Exposed to Shear Stress and Differential Pressufe ....... ..o 613
Wolgemuth: Markers for Assessing Vertebrate Development in Space....................... - 616
Space Human Factors
Ellis: Performance in Haptic Virtual Environments with Visual Supplement.... 619
Ellis: Visual Performance and Fatigue in See-Through Head-Mounted Displays 621
Harm: Behavioral Trends and Adaptation During Space Analogue Missions...... 625
Helmreich: Crew Culture, Selection, Training and Performance .................vue........ 627
Jenks: Correlation Between Physiology and Shuttle Emergency Egress ............ - 632
Kaiser: Perceptually-Tuned Visual Simulation ...............ooreoosoosoooooooooooo . 633
Kanki: Crew Behavior and Performance in Ground Operations........................ - 635
Maida: An EVA Strength and Reach Model ..............vcoeveeeeereeerereerreoesroosoooo - 637
Malin: Human Interaction Design for Cooperating Automation ....................... - 639
Watson: Perceptual Optimization of Image Compression and Displays ................. - 641
Woods: Human Interaction Design for Anomaly Response Support.................. . 645




LSD Program Tasks - FY 1995 Table of Contents

Space Physiology & Countermeasures
Angelaki: Adaptive Visual-Vestibular Mechanisms and Gravity ........coeemnenisens - 647
Arbib: Neural Plasticity: Data and Computational SEUCHITES ......oovwvcrccersccsisern . 650
Biaggioni: Adrenoreceptor Hypersensitivity in Models of Weightlessness .......c.o........ 655
Black: Otolith and Vertical Canal Contributions to Dynamic Postural Control.. 659
Bloom: Neuronal Vulnerability and Informatics in Human DiSease ....................- 662
Bloomberg: Environmental Constraints on Postural and Manual Control ..........c..... . 674
Bloomberg: The Role of Vestibular Information in Adaptive Modification of

Eye, Head, and Hand COOTANAHON ...ovvvsvsvvsimessvecsmssssmssssssmss v . 677
Booth: Biochemical Adaptations of Anti-Gravity Muscle Fibers to

DiSUSE ALPOPRY woouvriresrsereresmssesissssssssssssssssssssssssssmsmisisss st s s 680
Butler: Physiological Effects of Decompression-Induced Venous Bubbles .............. 683
Cavanagh: The Biomechanics of Exercise COUNLETMEASUTES ....ooovcrsivemarscrsinmissssenszace: . 686
Cohen: Gravity in Human Oculomotor Control, Perception & Action ...........c... 688
Convertino: Effects of Acute Intense Exercise and Microgravity on Mechanisms

Associated with Blood Pressure Regulation in HUMANS w.coocooviverevcnesrneens . 691
Convertino: Evaluation of the Hemodynamic Mechanism Underlying Cardiovascular

Adaptation in a Chronically Instrumented Rhesus Model During

Simnulated MICTOZTAVIEY .....overersvesisssserinssssesssismmsssssansassssssssmmmssssssssese . 694
Cooper, IV: Load-Induced Cardiac HYpertrophy .......ovweecvissssmnsmmisscnssscsissssssseeess 697
Cornish: Blood Volume Regulation in Primates During Space Flight .......cccoveninene. 700
Cowin: Posture Load-Induced Bone Maintenance: A New Hypothesis .........c..... . 702
Cowings: Autogenic Feedback Training as a Preventive Method for

OrthOSHAHC INEOIETANCE ceoveearcvrsrirssesssessinsessisanisenmssienstasassissens st nesees 705
Cowley: Microvascular Changes During MicTOZTAVIEY c..ocooooovvevmvmemvonmsssssssssssssees 708
Czeisler: Pre-Launch Adaptation of Orbiter Crew Members to Earlier

Shifts Following Exposure toa Single Bright Light Episode:

Clinical Trial Comparing the Response in Men to that in Women............ - 712
Daunton: Dynamics of Neural Adaptation to Altered Gravitational Conditions

Revealed by Neurobehavioral, Neurochemical, and

MOTPHOIOGICAL STULES crvvvisisssmssssssessssssssssssssssssnesss s s . 715
El-Hajj Fuleihan: Postural Effects on PTH, Calcium, and Skeletal DYNAMICS ........covvvereecnsns 718
Farhi: Cardiopulmonary Hemodynamics in MIiCrogravity .....ommiervseccssssssenrens 720
Fitts: Limb Muscle Function with Unloading and COUNterteasures ... 72
Fox: Effect of Microgravity on Vascular Cell FUNCHON. cocveeininiininmenasensiasenss - 724
Fox: Effects of Artificial Gravity: Central Nervous System

Neurochermical SEUAIES ...c..vwvvimmriirerisisimmsissrisssismisssssssssisssssssssssrssseeses - 727
Fuller: Circadian Rhythms in Rhesus: Gravity, Light & Gender .........oovvvcevenneens 730
Gaffney: Intercompartmental Fluid Shifts in Response to Postural and

Gravitation@al FOPCES ...veverissmmmersssessnssssssssesasssssmssessisasensssansssss st - 732
Globus: Role of Integrins in Mechanical Loading Of Osteoblasts ......ccouwmrevesesivennse . 733
Goldberger: Heart Rate Dynamics During Microgravity Exposure: Data Analysis.... 735
Hargens: Exercise Within LBNP to Produce Artificial GravIty .cooooooosioivenieenmennes . 738
Johnson: Neural Control Mechanisms and Body Fluid HOMEOSHASIS .oveovovcsesssiene . 746
Knapp: Validation of Spectral Analysis as a Noninvasive Tool to

Assess Autonomic Efferent Regulation of Cardiovascular Function ......... 751
Lackner: Adaptation in Artificial Gravity ENUIPONMENES .oocvovriseririrescrsiniassasasesasesss 754
Lackner: Motor Adaptation to Coriolis and Contact FOPCES. ccovrorvnirrrnsinrsnssisassrassees . 756
Lambertsen: Carbon Dioxide-Oxygen Interactions in Extension of Tolerance to

ACULE HYPOXIA ovvvvvvvevvevesssssssssss s im0 - 759




LSD Program Tasks - FY 1995 Table of Contents

Letovsky: Spatially Oriented Database for Digital Brain Images..............oo............ 761
Low: Altered Brain Vasoregulation in Orthostatic Intolerance .................. - 763
Mack: Physiological Transport Responses to High Intensity Exercise and

Hydrostatic Pressure Gradients in Humans ... . 765
McCarthy: Molecular Mechanisms Regulating IGF-I Synthesis in Bone ................ . 767
Murakami: Effect of Gravity on the Regulation of Circadian Rhythms .................... . 770
Orasanu: Distributed Decision Making in Extended Space Flight...................... - 772
Paloski: Mechanisms of Sensorimotor Adaptation to Centrifugation..................... - 776
Parker: Perceived Self-Motion Assessed by Computer-Made Animations ............. 778
Pawelczyk: Facilitated Blood Pressure Control by Skin Cooling:

AULONOMIC MECHANISIIS......o..ccovvevroveerreeeeesesssemosesoseoo oo - 780
Peterka: Relation of Motion Sickness Susceptibility to Vestibular and

Behavioral Measures of OFientation .................evvosovooooooooooooooo 782
Pierson: Spaceflight Effects on Microbial Susceptibility to Antibiotics .................. 786
Pilmanis: The Effects of Exercise-Enhanced Denitrogenation on Altitude

Decompression Sickness (DCS) Protection ..........oevvvvevooosooooooooooo - 788
Prisk: Pulmonary Deposition of Aerosols in Microgravity .............orurve.... - 789
Purdy: Mechanisms of Microgravity Effect on Vascular Function.................. - 791
Reis: Experimental Neurogenic Hypertension Program: Supplement................ 793
Robertson: The Sympathetic Nervous System in the Anemia of Weightlessness .......... 796
Roden: Mechanisms of Antiarrhythmic Drug Action ..........cccueenrrevveeesecmmnrran, - 801
Schlegel: Vestibular Contributions to Post-Spaceflight Orthostatic Intolerance:

A Parabolic Flight MOdel.................covvvuvroveeeereeeerereessossosesosoosooosoooooooosooo - 804
Shepherd: Integration of Multidisciplinary Sensory Data ..o - 807
Sinoway: Effects of Bedrest on Forearm Muscle Reflexes........vcvemvvrnrrvnrioreroonnnnan., 812
Smith: Microgravity: Sleep Deprivation and Autonomic Control................ . - 815
Stampi: Ultrashort Sleep Strategies During Sustained Performance............... - 816
Stone: Visual and Vestibular Contributions to Human Heading Estimation ...... 818
Stuart: Countermeasure for Microgravity-Induced Muscle Atrophy ... - 821
Tomko: Adaptive Plasticity of Otolith-Ocular Responses ............cocccomrrerrronneenn.. 823
Van Essen: Reconstructions and Representations of Cerebral Cortex ... - 826
Vann: Factors Affecting Decompression Sickness in Astronauts

During Extravehicular ACHUIY ..cooooveveeevvvoeeecererecroroooooooeooooooooeo 829
Welch: Adapting to Altered Gravity and Vision ..o - 831
Wengzel: Spatial Auditory Displays for Space MiSSions ... 834
Whalen: Altered Gravity Locomotion Using Differential Pressure................... - 838
Whalen: Skeletal Adaptation to Physical ACHUIY .....oovvoooocecesesssooooooooo - 840
Williams: Renal-Endocrine Response to Gravity and Sleep Disruption ... . 843
Yamauchi: Biochemical Changes of Bone in a Model of Weightlessness .................. - 845
Young: Visual Vestibular INeraction ..................ooveeereeereromrossoosoooooooooooooooooo 848

Space Radiation Health

Balcer-Kubitczek: Molecular Damage of Human Cells by X-rays and Neutrons ............... 850
Blakely: Lens Epithelium and Proton-Induced Cataractogenesis...............covvun........ 854
Cox: Proton Radiation Studies...........ooeveowseessesesosomssooossroomsoroosooo - 857
Jorgensen: Human Enzymatic Repair of Radiation-Induced DNA Breaks................ - 863
Kronenberg: Mutations in Human Lymphoid Cells.........oooveoveeeessseomoo . 866
Lett: Radiobiological Studies - Task V (Final Year)....oovvvveovooooooo 870
Lutze-Mann: Molecular Analysis of HZE Damage in Transgenic Mice ..........c.o.enunn.n., 874
Metting: The Effect of Single Particle Traversals on a Mechanism of

Cell-Cycle REGUIBLION ... 876

Xi



LSD Program Tasks - FY 1995 Table of Contents

Miller: Experimental Study of Nuclear Interactions Relevant to High

Energy Heavy Ion TIANSPOTE covvrsisssesssssssmsssssmmssessessssssmsss s - 878
Moscovitch: 3D ORAM Dosimeter for Space Radiation ERUITONMENLS c.cocowwsrerviveeneenes . 881
Nelson: Radiation and Environmental Health.....ooveweriescusminisiissniisssnmmsisinissinne: 883
Rabin: Effects of Exposure to Heavy PaPHCIES. .cvrsreesesssirirsssessmsssssesenssisinasasaneses . 884
Wachholz: Cooperative Radiation Research (NCI) .ececousvuunssssissmeesssssssssmsssssnissesss 887
Walker: High-resolution Digital MammograpRy/NCL ........ovvvvmismsmmmescssisisssininane . 893
Wilson: Space Radiation Transport and INEETACHON .....orvvrrrirerirnnessasssssansinsnasinannees . 896
Wood: Energetic Proton DoSe-RESPONSE ..uvcwcvummmssismmsssavmssesssimmissssssminss st - 905
Yang: Neoplastic Cell Transformation With Protons and HZE ............ccoccviseenenss 907

APPENDIX

Appendix A: Principal INVestigator INAEX...wcrweesmmisssmmssemnsmsss s - Al

xi



L. LSD Program Tasks - FY 1995 Objectives & Metrics

I

Introduction

* Taskbook Introduction for FY1995 ..o, I-3
* Task Summary Data ......ccoourevmooromemeo I-4

* Principal Investigator Distribution Map ... I-5




1. LSD ProgramTasks - FY 1995 Objectives & Metrics

I-2



I. LSD ProgramTasks - FY 1995 Objectives & Metrics

TASKBOOK INTRODUCTION FOR FY1995

The NASA Life Sciences Division serves the Nation’s life sciences community by managing all aspects of U.S.
space-related life sciences research and technology development. The activities of the Division are integral
components of the Nation’s overall biological sciences and Biomedical research efforts. However, NASA's life
sciences activities are unique, in that space flight affords the opportunity to study and characterize basic biological
mechanisms in ways not possible on Earth. By utilizing access to space as a research tool, NASA advances
fundamental knowledge of the way in which weightlessness, radiation, and other aspects of the space-flight
environment interact with biological processes. This knowledge is applied to procedures and technologies that
enable humans to live and work in and explore space and contributes to the health and well-being of people on
Earth.

The Office of Life and Microgravity Sciences and Applications (OLMSA) is responsible for planning and executing
research stimulated by the Agency’s broad scientific goals. OLMSA'’s Life Sciences Division is responsible for
guiding and focusing a comprehcnsive program of flight and ground-based tasks. Flight tasks are currently
organized by payload complement or program while ground-based tasks are divided into ten major scientific
programs: Advanced Life Support, Advanced Technology Development, Data Analysis, Environmental Health,
Global Monitoring and Disease Prediction, Space Biology, Space Human Factors, Space Physiology &
Countermeasures, Space Radiation Health, and the NASA Specialized Centers of Research and Training
(NSCORTS).

FY 1995 proved to be an important year for the Life Sciences Division. The Division released two NASA Research
Announcements (NRAs). Investigators chosen from the latter NRA will fly aboard the United States Space Shuttle
and the Russian space station Mir, serving as a first stepping stone to planned investigations aboard the future
International Space Station. The Space Shuttle made its first historic linkup with the Russian space station in June
of this year, ushering in a new era of joint international space exploration and promising future research into the
effects of long- term space exposure on terrestrial organisms.

This document, the Life Sciences Program Tasks and Bibliography for Fiscal Year 1995 (October 1994-September
1995), includes all peer reviewed projects funded by the Office of Life and Microgravity Sciences and Applications,
Life Sciences Division, during that year. Additionally, this inaugural edition of the Task Book has also included FY
1994 citation information for historical purposes. This document will be published annually and made available to
scientists in the space life sciences field both as a hard copy and as an interactive internet web page
(https//www.peerl.idi.usra.edw/). The information provided in the Task Book is used in reports to the NASA
Associate Administrator, the Office of Management and Budget, and to the United States Congress.

The Life Sciences Division wishes to thank Information Dynamics, Inc., and Universities Space Research
Association personnel at NASA Headquarters and in particular recognize Mr. David Reed (task book review process
and publication manager) and Mr. Bill Wilcox (data system development) for their lead efforts in the development,
compilation, and publishing of this report. Gratitude is also expressed to the following people who were responsible
for coordinating flight task data delivery from NASA field centers: Bonnie Dalton and Laura Lewis at ARC;
Dr. Jerry Homick, Elisa Allen, Sharon Jackson, and Bonnie Meadows at JSC; Bill Knott, Debbie Vordermark, and
Ray Wheeler at KSC.
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FY1995 PROGRAM RESEARCH TASK SUMMARY:
Overview Information and Statistics

Total Number of Principal INVEStIBAtOrS: .......ocvuumriiiriiriniiininssei s e 261
Total NUIMDET Of TASKS: ..v.vvnriertenisssseseresossersissessssssssssssssssesstmsssssssebes st s8R e - 334
Total Number of Bibliographic Listings (FY1995 Only): .....ccoovvcuuimicirmonicmimmiminiissssnssssccnincnsenseae 1319
Number of StUdents FURAEd: ........ccovmiiimeineiimeesee s s s - 906
Number of States with Funded Research (including District of Columbia): ......cocccrenruvicsiininnimissseenanes 40
FY 1995 Life Sciences BUAZEE: ......ccooovummmmriussemmis i sssssssssssesesss $187.3 Million'
Life Sciences Flight Tasks Life Sciences Ground Tasks
— Listed by Program— — Listed by Program—

Program Program

Bion 9 Advanced Life Support 12

Biorack 9 Advanced Tech. Demo 6

Biospecimen Sharing 7 Data Analysis 9

Cosmos 2229 1 Environmental Heaith 6

Euro-Mir 12 Global Monitoring and Disease 1

Prediction

Ground Definition 3 NSCORT 7

LMS © 13 Space Biology 42

Mir-1B 17 Space Human Factors 11

Neurolab 22 Space Physiology & 69

Countermeasures

SLM-1A 26 Space Radiation Health 17

SLS-2 2

Small Payloads 33

TOTAL 154 ) 180

"This figure includes $46.8 million for space station facilities development.
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Research Programs

IL.

Life Sciences
Program Tasks for FY 1995
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Velocity Storage In Space: Adaptation of Optokinetic Nystagmus and After-Nystagmus to Microgravity

Principal Investigator:

Bemard Cohen, M.D. Phone: (212) 241-7068
Department of Neurology Fax: (212)831-1610
Box 1135 Congressional District: NY-14

Mount Sinai School of Medicine, New York
One Gustave L. Levy Place
New York, NY 10029

Co-Investigators:

Theodore Raphan, Ph.D. CUNY, Brooklyn College
Mingjia Dai, Ph.D. Mt. Sinai School of Medicine
Sergei Yakushin, Ph.D. Mt. Sinai School of Medicine
Funding:
Project Identification: Solicitation:
Initial Funding Date: 1/95 Expiration: 12/95
FY 1995 Funding: $161,000 Students Funded Under Research: 2

Flight Information:
Flight Assignment: Bion
Responsible NASA Center: Ames Research Center

Task Description:

In space, the otoliths constantly sense only a fraction of gravitational force and momentarily receive
only small amplitude linear accelerations during head translations. Thus, it might be expected that
otolith-ocular reflexes that are mediated by the linear vestibulo-ocular reflex (IVOR), such as ocular
counter- rolling (OCR) and ocular vergence that orient the eyes to gravity, would be depressed after
adaptation to microgravity. In accord with this, the amplitude of two otolith-ocular reflexes, ocular
counter-rolling (OCR) and ocular vergence, were reduced for 11 days after the COSMOS 2229 space
flight in two flight monkeys. There also tended to be a reversal in the up-down asymmetry of vertical
nystagmus, and a shift of the spatial orientation axis of velocity storage, known as the yaw axis
cigenvector, toward the body axis. Thus, otolith-ocular reflexes that orient the eyes to gravito-inertial
acceleration (GIA) were changed over relatively long periods of time after reentry. Changes in the
orientation of velocity storage and in the up-down asymmetry also occurred after space flight, but were
of shorter duration, lasting only several days after recovery.

However, steady state horizontal eye velocity, induced by yaw axis off-vertical axis rotation (OVAR),
was not different before and after space flight, nor was there a change in the phase of the torsional
component of the OVAR response. Vertical and horizontal ocular compensatory responses produced by
the angular vestibulo- ocular reflex (aVOR) were also unaffected. The latter indicates that the brain was
able to respond to linear acceleration sensed by the otoliths to generate an eye velocity signal from
velocity storage correctly after space flight, and that rapid compensatory movements from the aVOR
were unaltered. (The Russians have previously shown that the aVOR is altered during active head and
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eye movements in space. Presumably, the difference in results represents a difference between the
voluntary and passively-induced aVOR.

The purpose of this research is to study how spatial orientation of the linear and angular vestibulo-
ocular reflexes (IVOR and aVOR) of monkeys are altered by space flight. We will use eye movements
produced by or dependent on the otolith organs and the semicircular canals as the measures of this
orientation. We will also investigate effects of gravito-inertial acceleration (GIA) on the angular VOR
(aVOR), through a study of velocity storage. Changes in the aVOR during active gaze shifts that
involve head and eye movements will be recorded in space by the Russians and compared to the aVOR
recorded during passive rotation on earth by US scientists. Finally, we will use binocular three-
dimensional recordings in our ground-based recordings to enhance our understanding of how eye
movements are affected by changes in the GIA before and after space flight.

We postulate that otolith-induced or dependent eye orienting responses that tend to align the eyes to
gravito-inertial acceleration (GIA), will either be reduced after space flight, as for OCR and vergence or
as for velocity storage, will be shifted to align with a body axis. Semicircular canal-dependent
compensatory responses, on the other hand, will be largely unaffected. Active gaze shifts that involve
head movements in space will be altered, but there will be no changes in the passive aVOR recorded on
Earth.

For the upcoming BION flight, we will take our laboratory to Moscow in April/May of 1996 and test
a control group of 12 rhesus monkeys. They will receive rotation around a vertical axis, rotation around
axes tilted from the vertical and optokinetic stimulation with the animals upright and tilted with regard
to gravity. During the summer, two of the animals from the group of 12 will fly in the BION space
capsule for approximately two weeks. While in space, their bodies will be restrained, but their heads,
arms and legs will be free. They will perform behavioral tasks, moving their head and eyes toward
lateral visual targets and will press a light with their hands to receive a food or water reward. While in
space, the monkeys will be tested for spontaneous nystagmus using electro-oculography (EOG). Their
general status will be monitored with down-linked video. At the end of the flight, the space capsule
will be parachuted to the earth, and the animals will be recovered by helicopter. They will be kept in
their chairs and held in darkness to the extent possible, while they are flown back by jet to Moscow for
testing. Postflight testing will extend for 14 days at the Institute of Biomedical Problems. All ground-
based testing will be done with binocular three-dimensional eye coil recordings. At the conclusion of
the recordings, the equipment will be returned to our laboratory in New York, and the flight data will
be processed.

Our hypotheses include the following:
A. Otolith ocular reflexes induced through the IVOR, such as ocular counterrolling (OCR), the
horizontal and vertical IVOR and ocular vergence, will be reduced for 5-7 days after space flight.

B. The orientation of the yaw axis eigenvector of velocity storage in the vestibulo-ocular reflex (VOR)
will shift from a gravitational to a body yaw axis as a result of adaptation to microgravity. This will be
apparent when animals are tested on Recovery Day 0 and will quickly recover.

C. The passive aVOR will be unaffected by space flight, although the active aVOR, manifest during
lateral gaze shifts in space, will show changes.

D. Listing's Plane will be unaffected by adaptation to space, but there will be disconjugate vertical and
torsional eye movements after space flight.

In the future, there will be intense activity necessary to prepare for the flight. This includes purchase of
equipment, programming to accept six channels of eye movement data in our data collection programs,
purchase of hardware for the surgical implantation of head mounts and eye coils. Then we will pack the
equipment for shipment to Moscow and undertake the actual stages of preflight implantation and
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recording. In preparation for this mission, we have been doing baseline data collection and finishing
analysis of the COSMOS 2229 flight to the appropriate data base for the BION flight.

We are currently doing baseline data collection in monkeys implanted with eye coils that record eye
position in three-dimensions to study changes in eye velocity and in the axis of eye orientation during
steps of linear acceleration utilizing binocular recordings of horizontal, vertical and torsional eye
position,

We published the following results from the 1992-1993 COSMOS 2229 Mission. Ocular counter-
rolling (OCR) was decreased by 70% after space flight in both static and dynamic tests of otolith-
ocular reflexes. The reduction in OCR lasted for 11 days, the period of post-flight testing. This is the
first time that it has been demonstrated that there is a clear and long lasting effect of space flight on
otolith-ocular reflexes. The orientation axis of velocity storage changed from a gravitational reference
before flight toward a body reference after flight. This is consistent with our results in the COSMOS
2044 flight (Cohen et al. 1992), and it supports the hypothesis that there is a change in spatial
orientation from a gravitational to a body frame of reference in space. In control testing using off-
vertical axis rotation, it was shown that there is a modulation in vergence that accompanies the change
in gravito-inertial acceleration along the naso-occipital axis. This is the first report of an effect of linear
acceleration on ocular vergence during OVAR in the monkey (previous reports were by Tomko and
Paige during linear acceleration using a sled). It provides a new, robust and relatively simple technique
for testing otolith-ocular function at various levels of gravitational acceleration, Vergence associated
with linear acceleration during OVAR was greatly attenuated after the 2229 Mission for a prolonged
period after flight (>11 days). This finding has implications for visual function in space, since vergence
during forward translational movements would be absent or attenuated in space.

We reviewed our eye coil data to demonstrate that in our laboratory eye coils have been very stable. In

5 monkeys we determined that the horizontal and roll coils had been in place without revision since
they were implanted in 1993 and 1994, This was almost two years for three of the animals and one year
for the other two animals. Based on this, we conclude that our eye coil technique will be suitable for
use in the upcoming BION flight.

We are upgrading the primate axis drive motor on the 3 axis COSMOS rotator to provide smooth
controlled acceleration during velocity steps and for doing sinusoidal linear acceleration. New software
is being written to collect and analyze 6 channels of eye position data (horizontal, vertical & roll for
both eyes). A new eye coil apparatus has been purchased from Neurodata to provide 6 simultaneous
eye coil recordings (horizontal, vertical and roll position for each eye). This equipment is now being
tested and it will permit analysis of the signals from both eyes during testing.

Equipment status is a critical factor in preparing for the flight. Much of the current equipment is old or
not appropriate for use in this flight. The following are the status of the equipment that is being
upgraded: Computer equipment from the last flight is obsolete and cannot be used for this mission,
The following upgrades will be accomplished: A Pentium PC will be used to run the experiments and
take and analyze the data. Data will be stored on Read/Write CD ROMS. Other modifications will be
made to upgrade the computers that are used for analysis and provide backup for the equipment that will
g0 to Moscow. Electronic filters, stereotaxic apparatus and surgical equipment will be purchased for
use in the Moscow flight.

When our new computer programs are available for taking binocular eye position data in three
dimensions, we will study the linear VOR (LVOR) of normal monkeys during OVAR and sinusoidal
linear acceleration and determine the characteristics of horizontal eye velocity modulation as a function
of head position with regard to gravity and also the relationship of vergence to gravity.

Surgery: Sergei Yakushin, Victor Rodriguez and Bernard Cohen will travel to Moscow in May, 1996,
for 14 days to implant head rings and eye coils. They will use a stereotaxic apparatus that will be
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purchased for this purpose. Preflight testing and data analysis will be done by a team led by Mingjia
Dali. This team includes Leigh McGarvie, Sergei Yakushin and Victor Rodriguez. Bernard Cohen will
oversee some of the data taking, and Nicholas Pasquale will come briefly to help Leigh McGarvie set
up the laboratory at the IBMP. Postflight testing: Postflight testing and data analysis will be done by
the same team as above. Again, Bernard Cohen will oversee some of the data taking, and Nicholas
Pasquale will come briefly to help Leigh McGarvie pack the equipment for return to the US.

The proposed research will determine how otolith-ocular reflexes are altered after adaptation to space. In
particular, we will show how ocular counter-rolling, ocular vergence and spatial orientation of the
angular vestibulo-ocular reflex (aVOR) are altered after adaptation to microgravity. This information,
obtained from monkeys whose oculomotor and vestibular systems are similar to those of humans, will
be used to understand deficits in gaze and posture that occur when astronauts adapt to microgravity and
then readapt to the 1g terrestrial environment of Earth. The information will also be used to direct
countermeasures to overcome lags in adaptation or changes in gaze and balance due to the abnormal
force field environment of microgravity. Such information and countermeasures will be critical when
long duration space flights are planned to the Moon or to other planets.

Basic information is being developed in this proposal. A major advance will be a three-dimensional
model of the vestibulo-ocular reflex (VOR) which will include both angular and linear acceleration
inputs, and will account for dynamic changes that alter the orientation of the system vectors to those of
gravito-inertial acceleration. In addition, the proposed experiments will provide fundamental
understanding of how processing of otolith information and spatial orientation are altered in the absence
of gravity.

A basic assumption of the research is that findings obtained during and after space flight can be
explained as parameter changes in processes by which the nervous system controls gaze and posture.
Therefore, findings from space research can readily be applied to human disorders on Earth. Specifically,
we hope to gain understanding of how spatial orientation is disrupted in conditions in which there is
postural imbalance or gaze instability. A simple example of the former is postural imbalance of the
elderly. We anticipate that information gained from changes after adaptation to prolonged
weightlessness will help us understand the imbalance of the elderly.

New technology will be utilized in the three-dimensional analysis of eye movements. This technology
will be applied to the recording and analysis of eye movements in three-dimensions by video techniques
in humans. It has large potential clinical significance.

A complete model of the VOR would be extremely useful and could be applied to understanding
processing in the vestibular system for experiments in animals, and for understanding effects of lesion
in the vestibular system and cerebellum in humans.

The neural coding used by the nervous system in establishing spatial orientation of the VOR is not
known. The work in this project will provide basic information about how the parameters of the
system change with regard to the body when gravitational force is absent. This will help establish how
gravity and gravito-inertial acceleration (GIA) are coded in the nervous system and how they are
expressed through the VOR. A number of fundamental behavioral and modelling papers have already
come from this work. By utilizing data from the BION project, we anticipate that additional insights
as to how the GIA is coded will become apparent.

Publications, Presentations, and Other Accomplishments:

Dai, M., Cohen, B, Raphan, T. "Ocular Vergence Induced By Off-Vertical Axis Rotation (OVAR)
Before and After Spaceflight.” Neurosci. Abstr., 21, 137, 1995.
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Dai, M., McGarvie, L., Kozlovskaya, I.B., Raphan, T. and Cohen, B. "Effects of spaceflight on
ocular counterrolling and spatial orientation of the vestibular system." Exp. Brain Res., 102, 45-46,
1994,

Dai, M., Raphan, T., Kozlovskaya, 1.B., Cohen, B. “Modulation of vergence by off-vertical yaw axis
rotation in the monkey: Normal characteristics and effects of space flight." Exp. Brain Res.,
(submitted).
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Functional Neuromuscular Adaptation to Spaceflight

Principal Investigator:

V. R. Edgerton Phone: (310) 825-1910

Department of Kinesiology Fax: (310)206-9184

1804 Life Sciences E-mail: vre@ucla.edu

University of California, Los Angeles Congressional District: CA-29

405 Hilgard Avenue

Los Angeles, CA 90024-1527
Co-investigators:

Sue Bodine-Fowler Univ. of California, San Diego - School of Medicine

Dr. Roland Roy University of California, Los Angeles

Dr. Richard Grindeland NASA Ames Research Center

Dr. John Hodgson University of California, Los Angeles
Funding:

Project Identification: Solicitation: NRA 88-OSSA-8

Initial Funding Date: 1/95 Expiration: 12/95

FY 1995 Funding: $299,964 Students Funded Under Research: 23

Flight Information:
Flight Assignment: Bion 11, 12 (9/96, 7/97)

Responsible NASA Center: Ames Research Center

Task Description:

There are 2 scientific components of our project with both components using the same technical
approaches. Those components are: 1) Adaptive properties within and among motor pools associated
with movement of the ankle during well defined motor tasks and 2) Role of muscle activity and muscle
force in maintaining normal muscle properties. We have reasonable evidence that some of these
fundamental properties of recruitment strategies will be modified by the chronic absence of gravitational
forces.

In the next 2 flights, i.e., Bion 11/ 12, we are in an excellent position to answer rather conclusively and
elegantly the degree to which the absence of gravity and /or load bearing of the lower limbs induces
changes in recruitment strategies of motor pools during spontaneous, as well as during well defined
motor tasks.

Regarding the second science component of our project we also are well prepared. Although it is clear
that some muscles atrophy and become weaker as a result of space flight in humans, rats and apparently
monkeys, we do not know why. A logical hypothesis is that skeletal muscles must have some
“normal” level of activity to maintain normal muscle properties. A second hypothesis is that the force
generated by a muscle is directly related to muscle fiber size. A third hypothesis is that hormonal
deficiencies, such as growth hormone, contribute to a loss of muscle mass. Probably all three of these
factors contribute in a complex interactive way to the atrophy that occurs in space flight, but no one
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has quantified any of these potential stimuli in space flight in a way that has been useful in defining
their role in maintaining muscle mass. The responses of a series of muscles will be extensively
quantified using a variety of assessment tools by an international team of scientists. Muscles of the
leg, arm and neck will be biopsied. EMG data will be obtained from the soleus, medial gastrocnemius

ground based and several flight experiments.

The primary objective during this time period was to further test and demonstrate the feasibility of
obtaining EMG activity, muscle tendon recordings and video recordings during ground-based tests when
the Rhesus is performing selected motor tasks. The motor tasks to be studied included the following: 1)

reaching at several postural positions.

We have been working with both the NASA Ames Research Center and Dr. Rhumbaugh's groups in
these efforts. During this 5 month period, we have successfully implanted two Rhesus with seven
EMG recording electrode pairs (soleus, medial gastrocnemius, tibialis anterior, vastus lateralis, biceps
brachii, triceps brachii and splenius capitis) and one tendon force transducer (medial gastrocnemius).
The feasibility of using three “large” cables for the exit of the wires (as opposed to the single wire exits
used previously for the EMG implants) in the back region is being tested in these two monkeys. After
~2 months, the exit sites appear to be very good. These monkeys have been trained for the first two
motor tasks (pressing a foot pedal and treadmill stepping) described above at Ames and we are now

analysis software to generate all required data files in a single pass, reducing the time required to
accomplish this tedious task, We are currently working on transferring the data display and analysis
software from the Amiga to the PC and to have software available on the PC to directly view the raw

EMG files during 24-hour recordings.

All of the methods and procedures used are the same as those described previously for the COSMOSs
flights in which we performed the same implants as is being proposed here. The new procedures being
incorporated into our planned experiments are as follows, The principal procedures that are new are
behavioral. To perform these studies, we have been working in collaboration with the Ames research
team and with Dr, Rhumbaugh's research team in Atlanta. Rhesus have been trained to stand and step

routine for the animals. The most unique task is the execution of the foot pedal paradigms. The
immediate plan is to condition the Rhesus to operate the equivalent of the joystick of the PTS, i.e., the
foot pedal will be interfaced with the PTS program. In the first stage of this effort, Rhesus monkeys
will be sent to Dr, Rhumbaugh's research center to begin shaping animals to operate a joystick with
the foot. An additional behavior which could be benefited by the PTS system would be the reaching
task. For example, if a joystick could be positioned at one of several heights, examination of EMG of

This project addresses problems related to neuromuscular diseases as well as the problem of muscle
atrophy as occurs in response to space flight. Further, these studies contribute to our understanding of
the control of movement in the unique space flight environment and has considerable bearing on the
control of movement, such as standing and maintaining upright posture in the aging population. The
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proposed research should give us a considerable clearer understanding of the physiological signals which
may contribute to the maintenance of muscle mass. For example, the activity levels in muscles of the
legs will be monitored during normal activities at normal gravitational loading as well as in the
microgravity environment. These data should indicate the importance of activity in maintaining normal
mass and functional properties of flexor and extensor muscles. The role of activity of specific muscles
in maintaining normal levels of control of movement also will be determined. One of the major
advantages of the proposed experiments in efforts to understand basic biological processes is that the
normal neuromuscular system will be studied in an abnormal physiological environment, i.e., the
altered function is caused by an altered environment, not an altered capability of the physiological
system being studied as would be the case with surgical or pharmacological manipulation.

Each phase of these experiments have important implications on the optimization of rehabilitative care
in addressing problems related to neuromuscular dysfunction as well as some aspects of hormonal
function. These results could have a fundamental and large impact on currently excepted approaches to
the rehabilitation of a number of medical conditions in which a person remains in bed for prolonged
periods, in individuals with compromised neuromuscular systems and in the aging population.

Publications, Presentations, and Other Accomplishments:

Allen, D.L., Yasui, W, Tanaka, T., Ohira, Y., Nagoaka, S., Sekiguchi, C., Hnds, W.E,, Roy, R.R.,
and Edgerton, V.R. "Myonuclear number and myosin heavy chain expression in rat soleous single
muscle fibers following spaceflight.” J. Appl. Physiol. Suppl., (in press), 1995.

Edgerton, V.R., Bodine-Fowler, S., Roy, RR., Ishihara, A., and Hodgson, J.A. “Neuromuscular
adaptation,” in “Handbook of Physiology, Integration of Motor, Circulatory, and Metabolic Control
During Exercise. Section A: Neural Control of Movement." (in press), 1995.

Edgerton, V.R., Zhou, M.-Y., Ohira, Y., Klitgaard, H., Jiang, B, Bell, G., Harris, B., Saltin, B.,
Gollnick, P.D., Roy, R.R., Day, M.K., and Greenisen, M. "Human fober size and enzymatic
properties after 5 and 11 days of spaceflight.” 3. Appl. Physiol., vol. 78, no. 5, 1733-1739, 1995.

Grindeland, R.E., Roy, RR,, Edgerton, V.R., Grossman, E.J., Mukku, V.R,, Jiang, B., Pierotti,
D.J., and Rudolph, I "Interactive effects of growth hormone and exercise on muscle mass in suspended
rats.” Am. J. Physiol., vol. 267, R316-R322, 1994.

Hodgson, J.A., Roy, R.R., de Leon, R., Dobkin, B., and Edgerton, V.R. "Can the mammalian
lumbar spinal cord learn a mortor task?" Med. Sci. Sports Exerc., vol. 26, 1491-1497, 1994.

Ohira, Y. and Edgerton, V.R. "Neuromuscular adaptation to gravitational unloading or decreased
contractile activity." Adv. Exerc. & Sports Physiol., vol. 1, 1-12, 1994.

Ohira, Y., Yasui, W., Kariya, F., Wakatsuki, T., Nakamura, K., Asakura, T., and Edgerton, V.R.
*Metabolic adaptation of skeletal muscles to gravitational unloading." Acta Astronautica, vol. 33,
113-117, 1994.

Pierotti, D.J., Roy, R.R., Hodgson, 1.A., and Edgerton, V.R. »Level of independence of motor unit
properties from neuromuscular activity." Muscle & Nerve, vol. 17, 1324-1335, 199).

Roy, R.R., Garfinkel, A., Ounjian, M., Payne, 1., Hirahara, A., Hsu, E., and Edgerton, V.R. "3-D
structure of cat tibialis anterior motor units." Muscle & Nerve, (submitted), 1995.

Roy, R.R,, Roy, M.E., Mendoza, R., Talmadge, R.J., Grindeland, R.E., and Vasques, M. "Size and
myosin heavy chain profiles of rat hindlimb muscle fibers after two weeks at 2G." Aviat. Space
Environ. Med. Suppl., (in press), 1995.
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Talmadge, R.J., Roy, R.R,, Bodine-Fowler, S.C., Pierotti, D.J., and Edgerton, V.R. "Adaptations in
myosin heavy chain profile in chronically unloaded muscles.” Basic Appl. Myol., vol, 5, n0.2, 114-
124, 1995,

Tseng, B.S., Kasper, C.E., and Edgerton, V.R. "Cytoplasm to myonucleus ratios and succinate
dehydrogenase activities in adult rat slow and fast muscle fibers." Cell Tiss. Res., vol. 275, 39-49,
1994,

Zhou, M.-Y, Klitgaard, H., Saltin, B, Roy, R.R., Edgerton, V.R., and Gollnick, P.D. "Myosin
heavy chain isoforms of human muscle after short-term spaceflight.” J. Appl. Physiol., vol. 78, no.
5, 1740-1744, 1995.
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Effect of Weightlessness on Single Muscle Fiber Function in Rhesus Monkeys

Principal Investigator.

Robert H. Fitts, Ph.D. Phone: (414) 288-7354
Department of Biology Fax: (414)288-7357
Marquette University E-mail; fittsr@vms.csd.mu.edu
Wehr Life Sciences Building Congressional District: WI-5
P.O. Box 1881

Milwaukee, WI 53201-1881

Co-Investigators.

No Co-I's Assigned to this Task
Funding:
Project Identification: Solicitation: NRA 88-OSSA-8
Initial Funding Date: 2/95 Expiration: 1/96
FY 1995 Funding: $120,000 Students Funded Under Research: 2

Flight Information:

Flight Assignment: Bion 11, 12, (9/96, 7/97)
Responsible NASA Center; Ames Research Center

Task Description:

Our long term objectives are to understand the cellular mechanisms of muscle contraction and to
determine how zero gravity (§) affects muscle function and the physical work capacity. Although it is
well known that zero g induces considerable limb muscle atrophy little is known about how
weightlessness alters cell function. In this proposal, we will utilize the single skinned fiber and single
freeze-dried fiber preparations to evaluate how weightlessness alters the functional properties of single
fast and slow striated muscle fibers. Muscle biopsies will be obtained from the soleus and
gastrocnemius muscles of the Rhesus monkey before and as soon as possible after the zero g flight
(Bion). The biopsies will be divided and one-half quick frozen in liquid nitrogen and the other placed in
skinning solution (-20° C). The frozen samples will be freeze-dried and stored under vacuum (-80°C)
for subsequent biochemical analysis, while the skinned fiber bundle will be used to study the
physiological properties of individual fast- and slow-twitch fibers.

Physiological studies will test the hypothesis that zero g causes fiber atrophy, a decreased peak force
(Newtons), tension (Newtons/cross-sectional area) and power, an elevated peak rate of tension
development (dp/dt), and an increased maximal shortening velocity (Vo) in the slow type I fiber, while
changes in the fast-twitch fiber will be restricted to atrophy and a reduced peak force. For each fiber we
will determine the peak force (Po), Vo, dp/dt, the force-velocity relationship, peak power, the power-
force relationship, the force-pCa relationship, and fiber stiffness.

Biochemical studies will assess the effects of weightlessness on the enzyme and substrate profile of the

fast- and slow-twitch fibers. We predict that zero § will increase resting muscle glycogen and
glycolytic metabolism in the slow fiber type, while the fast-twitch fiber enzyme profile will be

10
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unaltered. The increased muscle glycogen will in part result from an elevated hexokinase and glycogen
synthase. The enzymes selected for study represent markers for mitochondrial function (citrate synthase
and b-hydroxyacyl-CoA dehydrogenase), glycolysis (Phosphofructokinase and lactate dehydrogenase),
and fatty acid transport (Carnitine acetyl transferase). The substrates analyzed will include glycogen,
lactate, adenosine triphosphate, and phosphocreatine,

Following each of the physiological and biochemical studies described above, a section of the fiber will
be loaded on a 5% SDS-PAGE gel to assess the myosin heavy change isozyme profile. This analysis
will allow us to group the studied fibers as slow- or fast-twitch, and determine if space flight had any
effect on the type of myosin expressed in a given fiber type. In order to evaluate the myosin light
chain and regulatory proteins, we will also conduct 12% SDS-PAGE analysis on single fibers isolated
from each biopsy sample.

In the past year, we modified our micro-biochemistry techniques so that the assays could be conducted
under oil allowing us to sample a volume as small as S5ml. As a consequence we were able to increase
the number of assays obtained from a given single fiber from 2 to 12, This provides two advantages:
1. We will be able to obtain more information with smaller amounts of tissue, and 2. We will be
able to detect weightlessness induced enzyme and substrate shifts not only within a population of fibers
but within a given single fiber. In the next few months, we will utilize these techniques to develop a
baseline data base for the slow- and fast-twitch fiber types of the Rhesus soleus and gastrocnemius
muscles,

The time period between the pre- and post-flight biopsy is scheduled to be 90 days. One concern was
that animal growth during this period might in itself cause significant alterations in the contractile
and/or biochemical properties of the individual cells. Consequently, we characterized the contractile
properties of fibers isolated from biopsies obtained from the soleus and gastrocnemius muscles of
young Rhesus monkeys. To determine whether or not growth significantly altered fiber function all
monkeys were biopsied twice, 4 months apart. The results showed that growth had no effect on peak
force per cross-sectional area (kN/m?) or the maximal shortening velocity (Vo fiber lengths/s) in either
the slow- or fast-twitch fibers, However, the diameter of the slow type I fiber of the gastrocnemius
showed a significant increase from 51.9t0 57.8 mm. A decrease in the force per cross-sectional area
was observed for the slow fiber type of both the soleus and the gastrocnemius muscle. This change
appears (o be at least in part due to a higher than normal value for the fibers from the first biopsy.
Peak force is usually between 130 and 160 kN/m?, while the slow fibers from the first biopsy averaged
179 and 188 kN/m? for the soleus and gastrocnemius muscles, respectively. The fact that growth did
have some effects accents the importance of control studies designed specifically to ascertain the extent
of the growth effects in the flight candidates. Since we expect weightlessness to reduce the size of the
slow type I fiber, we will need to correct for the growth effect on fiber diameter.

In this contract year, we also completed data analysis and statistical evaluation of the ESDOP sit tests.
Currently, we are writing 4 manuscripts that will be submitted as a final report to NASA Ames, and
submitted for publication in a peer reviewed journal.

A major goal of this research is to elucidate the functional changes associated with zero g-induced

muscle wasting, and to use this information in the development of effective exercise countermeasures.
The program is essential to our ability to explore the universe and work successfully in space. Stated
another way, we simply can not embark on long term space travel until we can understand and prevent

11
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Publications, Presentations, and Other Accomplishments:

Fiuts, R.H., J.1.Widrick, and J.G. Romatowski "Effect of limb immobilization on single muscle fiber
contractile function." FASED J. 8: A10, 1994

1.J. Widrick, 1.G. Romantowski, M. Karhanek, and R.H. Fitts "Contractile properties of rat, rhesus
monkey, and human type I muscle fibers." Am J. Physiol, (in review).

V.P. Grishko, G. Gettleman, K. Kidd, and R.H. Fitts “Mestabolite profile of rhesus skeletal muscle
fibers: effect of 16 day ESOP constraint.” Med. Sci. Sports & Exerc.27: S182, 1995.

Widrick, 1.J., 1.G. Romatowski, and R.H. Fitts “Contractile properties of rat, rhesus monkey, and
human soleus type I fiber.” FASED J. 8: A10, 1994.
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Homeostatic and Circadian Responses of Rhesus Monkeys During Space F, light

Principal Investigator:

Charles A. Fuller, Ph.D. Phone: (916) 752-2979
Section of Neurobiology, Physiology & Fax: (916) 752-5851
Behavior E-mail: cafuller@ucdavis.edy
University of California, Davis Congressional District: CA-3
Davis, CA 95616-8519
Co-Investigators:
Tana M. Hoban-Higgins, Ph.D. University of California, Davis
Funding:
Project Identification: Solicitation: NRA 88-0SSA-8
Initial Funding Date: 10/95 . Expiration: 9/96
FY 1995 Funding: $130,000 Students Funded Under Research: 2

Flight Information:
Flight Assignment: Bion 11, 12 (9196, 7/97)
Responsible NASA Center: Ames Research Center

Task Description:

Mammals have developed the ability to adapt to most variations encountered in their everyday
environment. However, throughout the evolution of life on Earth, living organisms have been exposed
to the influence of both the unvarying level of Earth's gravity and the natural 24 hour day resulting
from the rotation of the planet. As aresult, changes in either or both of these factors produce adaptive
responses which are not completely understood. In particular, homeostatic systems, such as sleep,
temperature regulation and biological thythms are influenced. The adaptations that occur in these
systems appear to produce deleterious results in individuals exposed to long-term temporal isolation or
altered gravitational environments. This program will examine the influence of microgravity on these
systems in rhesus monkeys. Further, the homeostatic regulation of these variables, as influenced by
light and dark will be studied during space flight. The results should provide data on the adaptation of
these systems to this environment, as well as information for supporting crew operations in
microgravity.

FY 95 task progress has been concentrated in the areas of flight preparation. These have included our
participation in meetings and discussions concerning flight and ground-based experimentation,
generation of supporting documents, development of sensors and analysis of a ground-based study on
the effect of restraint.

During an IWG meeting in Sunnyvale, we refined the four individual Discipline Experiment
Management Plans (EMPs) that were drafted at the February Rhesus meeting in Paris. There is a
separate Discipline EMP for Thermoregulation, Circadian Rhythms, Metabolism and Sleep. In
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and editing of the flight IEMP with our French and Russian colleagues. During a discipline IWG
meeting in Paris, agreements were reached on several fronts between investigators on the Regulatory
Team. We further refined the Discipline EMPs for Thermoregulation, Circadian Rhythms, Metabolism
and Sleep. In addition, we viewed a demonstration of metabolism hardware and software proposed for
the ground-based control studies. Numerous formal and informal meetings at NASA Ames Research
Center (ARC) were held to serve the purpose of moving forward preparations for flight and ground-
control studies, including equipment verification tests. We presented the Regulatory Team science
objectives and integration plan to the Bion Program Review Panel.

We have actively participated in the writing and editing of the Experiment Management Plan (EMP).
This has included both the Regulatory Discipline EMPs (Thermoregulation, Circadian Rhythms,
Metabolism and Sleep) and the Integrated EMP (IEMP) with our French and Russian colleagues. We
also drafted the Regulatory Team IEMP which includes all investigations by Regulatory Team
members. In addition, we developed and presented the Regulatory Team science objectives to the Bion
Program Review Panel. Our work in Experimental Design and Sensor Technology has focused on the
brain and deep body temperature Sensors. We have made design modifications to our brain temperature
sensor. We have performed our initial surgeries evaluating the deep body temperature sensor location
and probe design. To date, these studies have been performed at ARC.

Adult Rhesus Restrain Test Data included urine volumes, urine collections and DAT tapes containing
electronic data consisting of body temperature and heart rate. We catalogued the urine samples, made a
determination of the samples that were of the most interest and had them analyzed for melatonin
content. As expected, melatonin content of the urine was highest during the first collection of the day
and during the night and relatively low during the day. There were no significant differences between
vivarium and restrained animals, nor were there any differences between pre and restraint time periods.
Urinary volume was highest during the first collection of the day, as had been seen in other studies.
There were no significant differences between vivarium and restrained animals, nor were there any
differences between pre and restraint time periods.

We obtained all the software and hardware that were needed for reading the data on the tapes. Our
programmer extracted this data, which was then analyzed using our laboratory data analysis programs.
Body temperature rhythms showed the normal diurnal pattern usual for this species. The rhythms
maintained a normal phase relationship with the light-dark cycle and did not show any consistent
alterations over the period of restraint. The heart rate rhythm also had a normal, diurnal pattern
throughout the experiment.

The study of Physiology and Behavior is frequently divided into the examination of specific control
systems. Similarly, in the control of such systems it is also vital to recognize that these systems are
integrated and function together interdependently. Thus, to fully understand a function such as
temperature regulation, one must view control of temperature regulation at various levels. For
example, temperature regulation is known to interact with a variety of other systems, including: 1)
sleep, 2) respiration, 3) endocrine, and 4) cardiovascular. Moreover, there is a prominent temporal
component; i.e., 2 circadian temperature rhythm. Physiological regulation as well as behavioral
performance capacity can be severely impaired when temporal information within the organism is not
sufficient to maintain internal synchrony between and/or within physiological control systems. During
desynchronization, psychotic states may be induced and performance capabilities of simple tasks
diminish in rhesus and humans. These pathologies may arise not only in environments without time
cues, such as constant light (or constant dim light found in many of today's intensive care units), but
also with shifts in time zones, shift-work and in aging individuals where internal temporal coupling
appears weakened. Narcolepsy is a class of diseases in which daytime sleep attacks or REM sleep onset
can occur. Some of these individuals display a loss of circadian patterns of REM sleep distribution.
Further when the individuals are tested for sleep latencies throughout the 24-hour day there is often lack
of circadian variation in the sleep latency as compared with the normal subjects. Other instances have
been studied in which individuals cannot synchronize themselves with their environment and maintain a
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the length of time of exposure to space flight, but should also prove useful to people on Earth who
suffer from homeostatic, particularly circadian, imbalances,

Publications, Presentations, and Other Accomplishments:

Fuller, C. A. "The effects of gravity on the circadian timing system.” J. Grav. Physiol., 1, P1-P4
(1994).

Fuller, C. A, T. M. Hoban-Higgins and D. M. Murakami "Effects of altered gravitational
environments on primate circadian thythms" (Presented at World Conference on Chronobiology and
Chronotherapeutics). Biol. Rhythm Res., 26(4), 391 (1995).

Fuller, C. A, T. M. Hoban-Higgins, D. W. Griffin and D. M. Murakami "Influence of gravity on the
circadian timing system.” World Space Congress, Adv. Space Res, 14(8), 399-408 (1994).

Hoban-Higgins, T. M., G. T. Wassmer, D. M. Murakami and C. A. Fuller "Gravity and the circadian
timing system” (Presented at World Conference on Chronobiology and Chronotherapeutics). Biol.
Rhythm Res., 26(4), 401 (1995),

Murakami, D. M., T. M. Hoban-Higgins and C. A. Fuller "The effect of hypergravity on the circadian
timing system" (Presented at World Conference on Chronobiology and Chronotherapeutics). Biol.
Rhythm Res., 26(4), 425 (1995).
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Morphological, Histochemical, Immunocytochemical, and Biochemical Investigations of Spaceflight-
Related Nerve and Muscle Breakdown

Principal Investigator:

Danny A. Riley, Ph.D. Phone: (414) 456-8468
Department of Cellular Biology & Anatomy Fax: (414)266-8496

Medical College of Wisconsin E-mail: dariley @post.its.mcw.edu
8701 Watertown Plank Road Congressional District: WI-5

Milwaukee, WI 53226

Co-Investigators:

No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: NRA 88-OSSA-8
Initial Funding Date: 1/90 Expiration: 12/96
FY 1995 Funding: $31,200 Students Funded Under Research: 3
Flight Information:

Flight Assignment: Bion 11, 12 (9/96, 7/97)
Responsible NASA Center: Ames Research Center

Task Description:

The results of this study will provide a better understanding of the basic cellular changes induced in
primate skeletal muscles following space flight and return to terrestrial gravity. This information will
benefit the design of inflight countermeasures to prevent muscle atrophy and postflight procedures for
readaptation to gravity environments without muscle damage. Humans confined to chronic bed rest by
illness will also benefit because the inflight procedures could be used to minimize deconditioning by
maintaining muscle strength, resistance to fatigue, and coordination. The readaptation strategies will
be helpful for patients reambulating following bed rest to avoid muscle reloading damage. Studies of
the process of increased susceptibility to injury will also aid sports medicine prevention of muscle
injuries common to movements involving unaccustomed loading.

Biopsy and electromyographic (EMG) electrode implantation procedures, which do not impede normal
head and neck movements, have been defined for splenius. ESOP video has demonstrated normal head
movements in restrained monkeys. Validation of light (histochemistry, immunohistochemistry) and
electron microscopy (ultrastructural morphology) techniques have been accomplished for splenius tissue
samples. Autoantibodies have been detected by immunohistochemistry in plasma samples from
monkeys following muscle injury.

The limited capacities of the Bion capsule for data processing and storage severely impact the ability to
perform EMG and video for this experiment. Priorities for utilizing blood limit the availability of
plasma for autoantibody analysis. These payload constraints necessitate reducing the scope of this
experiment to the light and electron microscopic studies of the cellular changes in splenius undergoing
space flight-induced muscle atrophy and damage.
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Humans returning to Earth after 1-2 weeks of space flight experience delayed-onset soreness, fatigue,
faulty coordination and weakness of antigravity skeletal muscles indicating pathological muscle
damage. These deficits may compromise human performance and safety when transitioning between
microgravity and terrestrial gravity. Our studies of space flown rats (SL-3, Cosmos 1887 & 2044,
SLS-1, SLS-2) have demonstrated that atrophic muscles show elevated susceptibility to injury during
postflight reloading resulting in pathological destruction of muscle fibers. The proposed rhesus
monkey Bion studies will define the cellular and biochemical basis for space flight-induced muscle
weakness in a space flown primate whose muscles are closer to human muscles in size, structure,
biochemistry and rate of adaptation. The splenius captius neck muscle was selected for study because it
holds and moves the head against gravity, and in contrast to lower limb muscles, normal function
continues when the monkey is restrained in the Bion chair. The Bion constraints of limiting upper and
lower limb movements caused this investigator to shift from studying the soleus and deltoid muscles to
the splenius in order to test of the effects of microgravity unloading. Microgravity unloading is
expected to produce splenius muscle atrophy, and reentry load stresses on the head are anticipated to
induce muscle damage. The rhesus preparation models atrophy of human neck (back) muscles which
are vulnerable to injury by reentry stresses on the head supporting the added burden of a space helmet.

Splenius contains a mixture of fast and slow muscle fibers which permits assessment of atrophy and
damage on muscle fiber types. Microgravity is expected to produce atrophy and increased fast myosin
expression in slow fibers assayed histochemically and immunohistochemically. Splenius contractile
activity, as monitored by EMG, will indicate fewer muscle contractions and increased fatiguability.
Inflight video will show that normal head and neck movements occur during space flight. Reloading
will cause slow fiber destruction and interstitial edema leading to muscle tissue death analyzed by
electron microscopy. Immunohistochemical staining will reveal that autoantibodies are generated
against leaked muscle cell components and potentially exacerbating cell damage.

Publications, Presentations, and Other Accomplishments:

Anders, S. "Effects of muscle injury and restraint-induced atrophy on circulating antibody levels."
Wisconsin Space Grant Consortium Annual Meeting, 1994.
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Georgia State University
Atlanta, GA 30303

Co-Investigators:

D. Washburn, Ph.D.
W. K. Richardson, Ph.D

Phone: (404) 244-5825

Fax: (404) 244-5752
E-mail: drumbaug@gsu.edu
Congressional District: GA-5

Georgia State University
Georgia State University

Funding:
Project Identification:
Initial Funding Date: 3/95
FY 1995 Funding: $200,010

Flight Information:

Flight Assignment: Bion 11, 12 (9/96, 7/97)

Solicitation: NRA 88-OSSA-8
Expiration: 1/96
Students Funded Under Research: 5

Responsible NASA Center: Ames Research Center

Task Descripfion:

Behavior is an overt manifestation of underlying physiology, and to the degree that biological systems
are compromised by space flight it is reasonable to expect at least subtle behavioral alterations.
Exacerbated physiological compromise may well result in serious psychological consequences,
evidenced either as changes in the psychological well-being of the individual or as manifest disruptions
in performance. The Behavior and Performance Project was designed to address these important aspects
of mission success, and has four primary goals: 1) to support and assess the psychological well-being
of the research animals, 2) to examine the effects of space flight on cognitive and motor performance,
3) to relate behavioral measures to physiological data from other disciplines, and 4) to provide expertise
and support for training the monkeys to perform the tasks for all flight experiments.

Behavior and Performance Project scientists have developed an apparatus, the Psychomotor Test
System (PTS), in which monkeys respond to computer-graphic stimuli by manipulating a joystick in
accordance with task demands. The PTS has been demonstrated to be highly effective for improving
and assessing psychological fitness. Supporting and monitoring the psychological well-being of
nonhuman primates maintained for research purposes is mandated by scientific, ethical, and legal
considerations. Using this device and a variety of behavioral measures, we will provide environmental
enrichment for, and assess the psychological well-being of, rhesus monkeys before, during, and after
space flight research.

We also propose to use the PTS to identify alterations in cognitive and psychomotor performance that
result from space flight. A battery of assessment tasks will be administered before and after the flight,
and measures of memory, attention, perception, learning, and psychomotor functioning will be
analyzed for evidence of changes that result from microgravity or other space flight-relevant variables.
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These psychological data will then be related to physiological measures obtained by scientists
representing other disciplines. We anticipate that this bio-behavioral integration (e.g., of performance
data with measures from muscle or regulatory physiology) may reveal overt behavioral indices that are
diagnostic of underlying physiological compromise.

Finally, we have assumed an active role in training the rhesus monkeys for various aspects of the space
flight research. We developed and implemented a curriculum of tasks that instate PTS skills. We have
also provided expertise for improving the training of monkeys to execute behaviors necessary for other
disciplines (e.g., treadmill locomotion, foot-pedal responding).

Scientists in the Behavior and Performance Project have adapted the goals and experiments from the
Rhesus Project in accordance with opportunities and limitations of Bion 11. We demonstrated that
juvenile rhesus monkeys could be trained to respond to computerized tasks by manipulating a joystick
with either a hand or a foot. This finding has practical implications for integration of Behavior and
Performance Project goals with those of the Russian investigators.

We established procedures for training monkeys in Moscow to perform the PTS tasks. We continue to
support this training both by travelling to Moscow and by analyzing all training data.

Numerous support studies have been conducted in support of our science. We demonstrated the rhesus
monkeys could quickly be trained to walk on a treadmill for studies of locomotion. The effects of one-
hour versus continuous access to the PTS were also examined. We conducted experiments on the
effectiveness of the PTS as an enrichment device, and on continuities between humans' and monkeys'
memory and attention. We also analyzed and reported the Adult Rhesus Restraint Test data, which
demonstrated that the psychological measures we collect are sensitive to effects of restraint and
physiological procedures.

These activities provide the basis for our involvement in Bion 11. The research continues to validate
the rhesus monkey as an effective model for many aspects of human behavior, and suggests the
importance of developing flight hardware for future Psychomotor Test System experiments. Finally,
effective support of the psychological well-being of the research animals is absolutely critical for the
ongoing success of NASA's life sciences research.

This research is motivated by two pressing needs in space life sciences: (1) the need to understand and’
address the physical and psychological consequences of space flight, subsumed under the title "space
adaptation syndrome;" and (2) the legal, ethical, and scientific mandate to provide for and to assess the
psychological well-being of nonhuman primates before, during, and after each flight in which they
serve as research subjects. Moreover, the research promises to produce several definite Earth benefits.
First, the relation between behavior and corresponding biological systems will be illuminated through
space flight research. Indeed, the basic science benefits of space flight research reported by any other
discipline can be said also to improve our understanding of the relation between behavioral and
biological systems.

We have already witnessed numerous Earth benefits from the development of the PTS. For example,
the system has proven to be a remarkably effective tool for comparative psychological research. Many
primate species have been trained and tested with the system, and their data have in many instances
revolutionized the understanding of the continuities in psychological processes among monkeys, apes,
and humans. Additionally, the test device has proven to be very useful as a general laboratory
enrichment device. At a time when laboratories everywhere are working to satisfy the federal
requirements governing the psychological well-being of captive primates, the PTS has become an
acclaimed and popular option. For these reasons, over three dozen laboratories world-wide have
requested and received assistance in constructing and using PTS for their research and enrichment needs.
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The PTS has also been used in educational applications--with college students as well as school-aged
children. For example, many domains of development and skill frequently have not been accessible for
some youths with mental retardation and impaired oral language abilities. The PTS affords a battery of
computer-facilitated nonverbal tasks that employ methodology that is appropriate for the
communicative abilities of these children and young adults. We have utilized the PTS to examine
performance in perceptual-motor, cognitive-learning, and neuropsychological function. For example, a
recent study of the visual short-term memory skills of students with moderate mental retardation
revealed that even lengthy retention intervals were tolerated with little difficulty. Data such as these
underscore the advantage of studying heretofore untapped skills of persons with cognitive and linguistic
disabilities.

Publications, Presentations, and Other Accomplishments:

Filion, C., D.A. Washburn and D.M. Fragaszy "Trajectory estimation by rhesus macaques.” Poster
presented at the annual meeting of the American Psychological Society, New York, NY, June 1995.

Hopkins, W.D. and D.A. Washburn "Do right- and left- handed monkeys differ on cognitive
measures?” Behavioral Neuroscience, vol 108, 1207-1212, 1994.

Rumbaugh, D.M. and D.A. Washburn "Encyclopedia of Comparative Psychology (Contribution:
Discrimination learning set and transfer).” Edited by: G. Greenberg and M. Haraway Garland
Publishing, New York, (in press).

Rumbaugh, DM., ES. Savage-Rumbaugh and D.A. Washburn "Development of future-oriented
processes (Contribution: Learning, prediction and control with an eye to the furure)." Edited by: M.M.
Haith, J.B. Benson, R.J. Roberts Jr. and B.F. Pennington The University of Chicago Press, Chicago,
pp 119-138, 1994.

Schull, J., J.D. Smith, D.A. Washburn and W.E. Shields "Current Primatology, Vol III: Behavioural
Neuroscience, Physiology and Reproduction (Contribution: Uncertainty Monitoring in Rhesus
Monkeys)." Edited by: I.R. Anderson, J.J. Roeder, B. Thierry and N. Herrenschmidt Universite Louis
Pasteur, Strasbourg, France, Vol III, pp 101-109, 1994.

Shields, W., D.A. Washburn and D.A. Smith “Uncertainty in same-different judgements.” Poster
presented at the annual meeting of the American Psychological Society, New York, NY, June 1995.

Smith, J.D., W.E. Shields, D.A. Washburn and K.R. Allendoerfer "Indifferent differences: The
“Uncertain” Response in a Relational-Judgement Task.” 7th International Conference on Systems
Research, Information and Cybernetics, Baden-Baden, Germany, August, 1994.

Washburn, D.A. “Teaching of Psychology (Contribution: What Monkeys Can Do)." (in press).

Washburn, D.A. "Stroop-like effects for monkeys and humans: Processing speed or strength of
association.” Psychological Science, vol 5, 375-379, 1994.

Washburn, D.A. "A Comparative Investigation of Working Memory: Rehearsal in the Sketchpad?"
Meeting of the Southern Society for Philosophy and Psychology, Virginia Beach, VA, April 1995.

Washburn, D.A. "What Animal Cognition Tells Us about Human Cognition." Conference of the
Cognitive Science Society, Atlanta, GA, August, 1994,

Washburn, D.A. "Monkeys in Outer Space.” Fernbank Museum of Natural History Summer Lecture
Series, Atlanta, GA, August, 1994.
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Washburn, D.A. "Physical and Semantic Features in Visual Search Performance by Humans and
Monkeys." Poster for the American Psychological Society, Washington, DC, July, 1994,

Washburn, D.A. and D.M, Rumbaugh "Current Primatology, Volume III: Behavioural Neuroscience,
Physiology and Reproduction (Contribution: Training rhesus monkeys (Macaca mulatta) using the
Computerized Test System)." Edited by: J.R. Anderson, J.J. Roeder, B. Thierry and N. Herrenschmidt
Universite Louis Pasteur, Strasbourg, France, vol 11, pp 77-83, 1994,

Washburn, D.A. and J.p. Gulledge "Game - like Tasks: Leveling the Playing Field." Behavior
Research Methods, Instruments and Computers, Vol 27, 235-238, 1995.

Washburn, D.A. and J.p. Gulledge "Game-like Tasks: Leveling the Playing Field." Society for
Computers in Psychology, St. Louis, MO, November 1994,

Washburn, D.A. and W.D, Hopkins "Videotape- versus pellet-reward preferences in Joystick tasks by
macaques.” Perceptual and Motor Skills, vol 78, 48-50, 1994,

Washburn, D.A., D.M. Rumbaugh, and W K. Richardson "Encyclopedia of Comparative Psychology
(Contribution: Apparatus).” Edited by: G. Greenberg and M. Haraway Garland Publishing, New York,
(in press).

Washburn, D.A., R A. Sevcik, D.M. Rumbaugh and M.A. Romski “The Psychomotor Test System
for Research and Education." Life Sciences and Space Medicine Conference and Exhibition '95,
Houston, TX, April 1995,

Washburn, D.A, S. Harper and D.M. Rumbaugh "Computer-task testing in the social miliey."
Primates, vol 35, 343-351, 1994,
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Bone and Lean Body Mass Changes Following Space Flight

Principal Investigator:

Linda C. Shackelford, M.D. Phone: (713) 483-7100

Mail Code SD5 Fax: (713) 483-6227

NASA Johnson Space Center E-mail: shackelf @sdpcmail.jsc.nasa.gov
2101 NASA Road 1 Congressional District: TX-22

Houston, TX 77058
Co-Investigators:

A. LeBlanc, Ph.D. Baylor College of Medicine

H. Evans, Ph.D. Krug Life Sciences

S. West, Ph.D. Baylor College of Medicine

A. Rakhmanov, Ph.D. Institute for Biomedical Problems

A. Bakulin, M.D. Institute for Biomedical Problems

V. Oganov, M.D. Institute for Biomedical Problems
Funding:

Project Identification: Solicitation: NRA 88-OSSA-8

Initial Funding Date: 1/95 Expiration: 1/96

FY 1995 Funding: $62,000 Students Funded Under Research: 0
Flight Information:

Flight Assignment: Bion 11, 12 (9/96, 7/97)
Responsible NASA Center: Ames Research Center

Flight Hardware Required: None

Task Description:

This proposal has been integrated with the proposal by Dr. Zerath entitled, "Bone Tissue and Cell
Effects of Spaceflight on young Rhesus monkeys."

Techniques to position and reproducibly scan the thesus monkey were developed. To document
repositioning error, six monkeys were scanned before and after repositioning. For this purpose the
complete scanning protocol was performed after which the animal was moved, repositioned and re-
scanned. The results of this testing demonstrated excellent short term reproducibility.

Reproducibility of the techniques over a 20 day test period was also investigated. For this purpose six
animals were scanned at a 20 day interval and the percent standard deviation was calculated and a power
analysis performed. The regional analysis data showed that decreases in muscle mass on the order of
that documented to occur in humans during an 8 day shuttle flight would be detectable in these animals.
Also bone atrophy of about 2-5% would also be detectable.

An 18 day immobilization test was completed in which three experimental monkeys and two controls

were scanned before and after the immobilization period. This data did not show significant bone or
lean tissue changes.
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Previous flights involving animals and humans aboard Russian (Mir, Cosmos) and American
Spacecraft (Skylab, Spacelab) have documented that significant bone and muscle atrophy occurs during

world. It is estimated that the medical cost of osteoporosis in the U.S. is 7 to 10 billion dollars per
year. Although the exact causes of osteoporosis are unknown, one important risk factor is disuse.

atrophy. Comprehending these mechanisms is important for developing effective countermeasures to
preserve bone and muscle function in disease conditions as well as space flight.

Publications, Presentations, and Other Accomplishments:

Zerath, E., V. Novikov, A. Leblanc, A. Bakulin, V. Oganov, and M. Grynpas. Effects of Space flight
on Bone Mineralization in the Rhesus Monkey. 1. Appl. Phys., (in press).
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Discipline: Bion

Immunology Spaceflight and Immune Responses of Rhesus Monkeys

Principal Investigator:

Gerald Sonnenfeld, Ph.D.

Department of General Surgery and Research

Carolinas Medical Center
P.O. Box 32861
Charlotte, NC 28232-2861

Co-Investigators:

D. Schmitt, M.D., Ph.D.
A. Lesnyak, Cs.C.
1. Konstantinova, M.D.

Phone: (704) 355-2639

Fax: (704) 355-7203

E-mail: sonnenfe@med.unc.edu
Congressional District: NC-9

CHU Rangvel, Toulouse, France
Institute for Biomedical Problems, Moscow, Russia
Institute for Biomedical Problems, Moscow, Russia

Funding:
Project Identification:
Initial Funding Date: 10/90
FY 1995 Funding: $57,000

Flight Information:

Flight Assignment: Bion 11, 12 (9196, 7/97)

Solicitation: NRA 88-OSSA-8
Expiration: 10/99
Students Funded Under Research: 3

Responsible NASA Center: Ames Research Center

Task Description:

Evidence from both human and rodent studies has indicated that alterations in immunological
parameters occur after space flight. The number of flight experiments has been small, and the full
breadth of immunological alterations occurring after space flight remains to be established. Among the

major effects on immune respo
lymphocyte blastogenesis and
changes in leukocyte sub-popu
respond to colony stimulating factors. Ch
both humans and rodents. The significance
remains to be established. The objective 0
effects of space flight on immune response
and the attendant period of microgravity wi

nses after space flight that have been reported are alterations in

natural killer cell activity, alterations in production of cytokines,
Jation distribution, and decreases in the ability of bone marrow cells to
anges have been reported in immunological parameters of
of these alterations in relation to resistance to infection

f the studies contained in this project is to determine the

s of rhesus monkeys. The hypothesis is that space flight
11 result in alteration of immunological parameters. The

parameters to be tested include production of cytokines, composition of leukocyte subpopulations,

functional activities of immunologically s
primary and secondary lymphoid tissues.

ignificant cells, and differences in effects on cells from
The expected significance of the work is a determination of

the range of immunological functions of the rhesus monkey, 2 primate similar in many ways to man,

affected by space flight. Chan

infection may be determined.

This could yield useful informal

ges in immune responses that could yield alterations in resistance to
The duration of alterations in immune responses may also be determined.
tion for planning studies that could contribute to crew health.

Additional information on the nature of cellular interactions for the generation of immune responses

may also be obtained.
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In the past fiscal year, we have continued our transition to the Bion platform and development of assays
for immunological parameters of rhesus monkeys. We have been able to show that anti-human
monoclonal antibodies could be used to identify rhesus monkey interleukins-1 and -2 as well as the
interleukin-2 receptor. We also developed techniques for the induction of the interleukins I rhesus
monkeys. We have also been working on the development of polymerase chain reaction techniques for
detection of message for rhesus monkeys cytokines. Additionally, we completed and analyzed the data
from the Adult Rhesus Restraint Test. This test examined the effects of restraint under conditions of
gravity. Four experimental monkeys were restrained for 17 days, while 2 control monkeys were
monitored in vivarium conditions. Blood samples were collected at 4 time points prior to restraint (-
76, -41, -10 and -4 days) and two points post release (+17 and +24 days). After initiation of restraint,
an experimental animal was removed from the study due to procedural difficulties. The samples were
analyzed for production of interferon-alpha (IFN-a) and interferon-gamma (IFN-g) in response to
mitogen stimulation. The samples were then stained with various fluorescent antibodies for neutrophils
(CD16), T cells (CD3), CD4+ and CD8+ T cells, B cells (IgM and IgG), and for major
histocompatability complex class II antigen (HLA-DR), and analyzed by flow cytometry. Students' T-
tests and Paired Students' T-tests were used to analyze data. Prior to restraint, slightly elevated levels
of IgM (p<0.05) and CD8+ T cells (p<0.05) were observed in the experimental group. A significant
decrease in CD8+ T cells (p<0.05) was then observed in the restraint group between days -4 and +17.
No other differences were observed post restraint between control and experimental groups for all
parameters measured (p>0.05). Interestingly, levels of neutrophils, CD8+ T cells, and Hu-IgM
staining of B cells sharply declined from day -10 to day -4 (p<0.05). Change of environment and
physical examinations could have played a role in the decrease observed between -10 and -4 days. These
manipulations should be examined so that physical effects just prior to restraint can be minimized.
Examination of data post restraint reveals that restraint does not play a major role in the effects of space
flight on the immune parameters, and should not influence greatly the results of our Bion flight
experiment.

The proposed Bion experiments are designed to demonstrate if the rhesus monkey will be useful as a
surrogate for humans to determine the effects of space flight on immune responses. We hope to be
able to determine effects of space flight on a broad inclusive range of immunologic parameters of
rhesus monkeys. We will also be able to see if there are differences between local and systemic effects
of space flight on immune responses. New immunological and molecular biology techniques will be
applied to determine effects of space flight on immunologic parameters not previously examined.
When we are successful in establishing the model, it could be used in the future to answer questions
that both our previous studies as well as a joint NASA/National Institute of Allergy and Infectious
Disease panel of which Dr. Sonnenfeld was a member indicated were important questions for the future.
These include whether space flight actually affects the ability to immunize, resistance to infection, and
resistance to tumors. These data could be useful in furthering the use of the rhesus monkey as a model
for human diseases of a similar nature on the ground. New therapies could be developed using the
rhesus monkey as such a model.

Publications, Presentations, and Other Accomplishments:

Morton, D.S., J.P. Swiggett, A.M. Hakenewerth, N.A. Fowler and G. Sonnenfeld "Effects of
movement limitation on immunological parameters. " American Society for Gravitational and Space
Biology, Bulletin 9, no 31, 1995,

Sonnenfeld, G., D.S. Morton, I.P. Swiggett, A M. Hakenewerth and N. Fowler "Movement
Lifitation and immune responses of rhesus monkeys." NASA Tech Brief, (Submitted for NASA
Technical Memorandum), 1995.

Sonnenfeld, G., L. Schaffar, D.A. Schmitt, C. Peres and E.S. Miller "The rhesus monkey as a model
for testing the immunological effects of space flight." Adv. Space Res., vol 14, 395-397, 1994.
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Adaptation to Microgravity of Oculomotor Reflexes

Principal Investigator:

David L. Tomko, Ph.D.

Life Sciences Division
Gravitational Research Branch
Mail Stop 239-11

NASA Ames Research Center
Moffett Field, CA 94035-1000

Co-Investigators:

Gary D. Paige, Ph.D,, M.D.
James O. Clifford, Ph.D.

Phone: (415) 604-5723

Fax: (415) 604-1465

E-mail: david_tomko@qmgate.arc.nasa.gov
Congressional District: CA-14

University of Rochester
Lockheed Martin, Inc.

Funding:
Project Identification:
Initial Funding Date: 10/94
FY 1995 Funding: $150,000

Flight Information:

Flight Assignment: Bion 11, 12 (9/96, 7/97)

Solicitation: NRA 88-OSSA-8
Expiration: 9/95
Students Funded Under Research: 3

Responsible NASA Center: Ames Research Center

Task Description:

In space, the otoliths constantly sense only a fraction of gravitational force and momentarily receive
only small amplitude linear accelerations during head translations. Thus, it might be expected that
otolith-ocular reflexes that are mediated by the linear vestibulo-ocular reflex (LVOR), such as ocular
counter-rolling (OCR) and ocular vergence that orient the eyes to gravity, would be depressed after

adaptation to microgravity. In accord with this,

the amplitude of two otolith-ocular reflexes, OCR and

ocular vergence, were reduced for 11 days after the COSMOS 2229 space flight in two flight monkeys.
The LVOR induced by sinusoidal linear acceleration on a sled along interaural (IA), naso-occipital (NO)

and dorso-ventral (DV) axes was also reduced in

one of the two flight monkeys. Thus, otolith-ocular

reflexes that orient the eyes to gravito-inertial acceleration (GIA) were changed over relatively long

periods of time after reentry.

The purpose of this research is to study how spatial orientation of the linear and angular vestibulo-
ocular reflexes (LVOR and AVOR) of monkeys are altered by space flight. We will use eye movements
produced by or dependent on the otolith organs and the semicircular canals as measures of this
orientation. Changes in the AVOR during active gaze shifts that involve head and eye movements will
be recorded in space by the Russians and compared to the AVOR recorded during passive rotation on
Earth. Finally, we will use binocular three-dimensional recordings in our ground-based recordings to
enhance our understanding of how eye movements are affected by changes in the GIA before and after
space flight. We postulate that otolith-induced or dependent eye orienting responses that tend to align

the eyes to gravito-inertial acceleration (GIA), w

ill either be reduced after space flight, as for OCR and

vergence or as for velocity storage, or will be shifted to align with a body axis. Active gaze shifts that
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involve head movements in space will be altered, but there will be no changes in the passive AVOR
recorded on earth.

For the Bion 11 flight, laboratories will be set up in Moscow (Spring 1996) to test a control group of
12 rhesus monkeys. We will use sinusoidal linear acceleration on a sled. During the summer, two of
the animals from the group of 12 will fly in the Bion space capsule for approximately two weeks.
While in space, the monkeys will perform behavioral tasks, moving their head and eyes toward lateral
visual targets and will press a light with their hands to receive a juice reward. While in space, the
monkeys will be tested for spontaneous nystagmus using electro-oculography (EOG). At the end of the
flight, the capsule will be returned to Earth and the animals will be recovered and returned to Moscow
for testing. Postflight testing will extend for 14 days at the Institute of Biomedical Problems. All
ground-based testing will be done with binocular three-dimensional eye coil recordings. It is
hypothesized that otolith ocular reflexes such as OCR, horizontal and vertical LVOR and ocular
vergence, will be reduced for 5-7 days after space flight.

The principal investigator successfully completed analysis of data collected during the Rhesus ARRT
experiment. Results provide a detailed description of the animals’ heart rate/variability adaptation to
long duration physical restraint. The main finding was that heart rates initially fell, reflecting
adaptation, but by restraint day 5 they increased and did not return to baseline for the remaining 16 days
of restraint. Results suggest that long-duration restraint may affect measurement of other variables.
Three manuscripts were prepared to report the results to the Ames Project Office to fulfill the final
report requirements of the Rhesus Project’s SIT and ARRT tests. They are listed on the bibliography
page. These papers have been sent out for preliminary review in preparation for submission as NASA
TMs, and then will be prepared for submission to an appropriate journal. Analysis of Cosmos 2229
results was conducted. Linear vestibulo-ocular reflexes (LVORs) provide inertial stability for vision
during linear head motion. Bilateral search coils in 12 rhesus monkeys were used to characterize
LVORs before and after an 11 day space flight by 2 flight animals and controls. Linear motion was
delivered along inter-aural (IA), naso-occipital (NO), dorso-ventral (DV) and intermediate, oblique head
axes. Response gain and phase were calculated, along with gaze position and vergence state. The gain
and phase of differentiated, de-saccaded eye position recordings were calculated using Fourier analysis.
Preflight LVORs were similar to previous results in squirrel monkeys. LVORs compensatory for head
displacement were recorded during IA, DV, NO, and intermediate axis motion. All responses were
affected by vergence state (visual target distance). Post-flight, during [A motion (5 Hz,0.5g), M906
showed a roughly 2/3 reduction in the slope of the function relating horizontal LVOR sensitivity to
vergence that had not recovered by R+391 hours. Under the same conditions, M151 showed almost
identical responses pre- and post-flight. During DV motion (5 Hz, 0.5g), M906 showed from 35-60%
reduction in the slope of the function relating vertical LVOR sensitivity to vergence that had not
recovered by R+391 hours. Under the same conditions, M151 showed responses immediately post-
flight that were almost identical to preflight values, and subsequently had reductions of 30-50%. During
IA and DV head motion at 5§ Hz (0.5 g), M906 had large reductions in the slope of the function relating
LVOR sensitivity to vergence that did not recover by R+391 hours. Under the same conditions, M151
showed almost similar responses pre- and post-flight.

Studies like these are necessary if there is to be continuing manned space flight. With a continuing
presence of the US in space for strategic or other purposes, it will be essential to support human
personnel with appropriate research on changes they will encounter after adaptation to microgravity.

The ability to understand how balance and coordination are affected by space flight should prove of great
value in understanding imbalance in the elderly. The ability to understand how balance and
coordination are affected by space flight should prove of great value in understanding postural and
locomotion difficulties encountered by people with diseases or strokes that affect parts of the brain that
process information related to spatial orientation (e.g., basal ganglia - Parkinson's Disease, cerebellum,
brainstem).
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It is currently thought that some physiological changes that occur during space flight might be good
analogues to terrestrial changes that occur during aging and disease, and therefore that findings from
space experiments might be helpful to sick and aging humans on Earth. During aging and while
experiencing the microgravity environment of space, sensorimotor function may be similarly
challenged: changes and ambiguities in sensory inputs lead to potential errors in cognition and
perception affecting equilibrium and spatial orientation. Errors in reflexes and perceptions can lead to
dysfunctional consequences, such as falls in the elderly and decrements in motor control in astronauts.
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Effect of Microgravity on Osteoblast Gene Expression

Principal investigator:

Millie Hughes-Fulford, Ph.D. Phone: (415) 750-6940
Laboratory for Cell Growth and Differentiation Fax: (415) 476-1267

Mail Code 151F, Building 1, Room 110-114 E-mail: milliehf@aol.com
Department of Veteran's Affairs Medical Center Congressional District: CA-8

4150 Clement Street
San Francisco, CA 94121

Co-Investigators:

No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: 94 OLMSA-03
Initial Funding Date: Expiration:
FY 1995 Funding: $ Students Funded Under Research: 0

Flight Information:
Flight Assignment: Biorack, S/MM-06, STS-84, 6/97
Responsible NASA Center: Ames Research Center

Task Description:

This flight proposal aims to analyze how microgravity effects bone loss by investigating alterations in
osteoblast gene expression patterns in microgravity. We will look at key genes responsible for
osteoblast growth activation and cell cycle regulation. These include the gene expression patterns of
prostaglandin E2 (PGE2) synthesis and actin; ¢-PLA2 (cytosolic phospholipase A2, COX-1 and COX-
2 (cyclo-oxygenases), and the PGE2 receptors EP1, EP2, and EP3 and growth biomarkers c-fos, PCNA
and statin. Biomedical studies show that humans and animals exposed to microgravity have continuous
and progressive loss of calcium and weight bearing skeletal bone due to lack of bone formation.
Mechanical stress used as a countermeasure for bone loss has been demonstrated to cause release of
PGE2 from osteoblasts. PGE2 increases trabecular bone formation in rats. Studies from this
laboratory have show that PGE2 causes activation of c-fos from 15 to 60 minutes followed by
osteoblast growth at 24 hours. The lack of PGE2 synthesis occurring in space may be a critical factor
responsible for the bone loss that occurs in astronauts. PGE2 down regulation is likely a key
component in the mechanism ob bone loss that occurs in astronauts.

Since only 5-10 ug of total RNA are expected from the Type I cell chambers, we have perfected the
rtPCR method for analysis of expression. We have tested our cells in flight on CMIX hardware.

We have been selected for definition for the first Biorack experiments and will be preflight testing
Biorack Type I containers. Using rtPCR technology, expression patterns will be analyzed in
osteoblasts activated and fixed while exposed to 0.0, 0.3, 0.6, and 1.0-gravity; cell cell growth, PGE2
synthesis and glucose will also be analyzed. No additional data was provided by the investigator for
this research.
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Microgravity Effects on Bone Cell Gene Expression

Principal Investigator:

Millie Hughes-Fulford, Ph.D. Phone: (415) 750-6940
Department of Medicine Fax: (415) 476-1267

Mail Code 151F, Building 1, Room 110-114 E-mail: milliehf @aol.com
University of California, San Francisco Congressional District: CA-8
VAMC 4150 Clement Street

San Francisco, CA 94121
Co-lnvestigators:

No Co-T's Assigned to this Task

Funding:
Project Identification: Solicitation: 93 OLMSA-07
Initial Funding Date: Expiration:
FY 1995 Funding: $ Students Funded Under Research: 0

Flight Information:
Flight Assignment: Biorack, S'MM-03
Responsible NASA Center: Ames Research Center

Task Description:

This flight proposal aims to analyze how microgravity effects bone loss by investigating alterations in
select gene expression patterns. We will look at key genes responsible for osteoblast growth and
homeostasis. These include the gene expression patterns of the elements responsible for prostaglandin
(PG) E2 synthesis and action; ¢c-PLA2 (cytosolic phospholipase A2), COX-1 and COX-2 (cyclo-
oxygenases), and the PGE2 receptors EP1, EP2, and EP3. Additionally, we will analyze the expression
pattern of the gene coding for the stress protein, HSP70, involved in maintaining cellular homeostasis.
Expression patterns will be analyzed in osteoblasts exposed to microgravity using tPCR technology.
Biomedical studies show that humans and animals exposed to microgravity have continuous and
progressive loss of calcium and weight bearing skeletal bone due to lack of bone formation.
Mechanical stress used as a countermeasure for bone loss has been demonstrated to cause release of
PGE2 from osteoblasts. PGE2 can increase trabecular bone formation in rats. The lack of PGE2
synthesis occurring in space may be a critical factor responsible for the bone loss that occurs in
astronauts. PGE2 down regulation is likely a key component in the mechanism of bone loss that
occurs in astronauts. Analysis of HSP70 may indicate the level of stress the osteoblast is

experiencing.

Osteoblasts will be growth activated upon exposure to the microgravity environment. Cells will be
flown in the Tissue Culture Incubator located in the orbiter middeck. Growth activating the cells in
space will eliminate any stresses induced during the launch phase. Prior to mission completion the
cells will be fixed in guanidinium isothiocyanate. This fixation will preserve any mRNA species
expressed. Fixing the cells while still in the microgravity environment will eliminate any new
changes in gene expression that may occur during the orbiter's return to Earth. Total RNA will be
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prepared from flight and control cells using standard procedures. DNA copies of RNA species will be
produced using reverse transcriptase and random hexamer primers. The DNA copies are more stable to
degradation than RNA. Using PCR primers specific for the genes mentioned above, we will amplify

any expressed mRNA transcripts and subsequently analyze them by gel electrophoresis and
densitometry.

No additional data was provided by the investigator for this research.
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Graviperception in Starch Deficient Plants in Biorack

Principal Investigator:

John Z. Kiss, Ph.D. Phone: (513) 529-5428
Department of Botany Fax: (513) 529-4243
Miami University E-mail: kissjz@muohio.edu
Oxford, OH 45056 Congressional District: OH-8

Co-Investigators:

No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: 94 OLMSA-03
Initial Funding Date: 9/95 Expiration: 8/96
FY 1995 Funding: $77,606 Students Funded Under Research: 3

Flight Information:
Flight Assignment: Biorack ,S/MM-05, STS-81, 12/96, & -06, STS-84, 5/97

Responsible NASA Center: Ames Research Center

Task Description:

The purpose of the proposed research is to study gravity perception in wild-type (WT) and starch-
deficient mutants of the plant Arabidopsis in microgravity on the Biorack module aboard the Space
Shuttle. The proposed research is for two flight missions. The specific goals presented in this
proposal are: (1) to determine the optimal growth conditions of seedlings in the “lentil-roots" hardware
on Biorack in ground-based testing: (2) to determine the threshold levels of stimulus required for
gravitropic curvature in the microgravity-grown roots; (3) to study the distribution of integrin (a
membrane protein which has a key role in signal transduction) in plant cells in ground-based studies;
and (4) to determine if integrin localization is affected in plant cells from seedlings grown ina
microgravity environment. This project is designed to investigate the starch-statolith model for gravity
perception, a hypothesis which has been widely debated for the past century. We now have an
opportunity to help resolve these controversies by using the unique characteristics of microgravity.
Insights gained from this research should be applicable to other plant groups, including those that may
be used during long-term space flight and/or International Space Station missions. The proposed work
is directly related to the emphases of the NRA 94-OLMSA-03 since it is concerned with gravitational
cell biology and plant biology, which are two of the four focal areas of this program. The first year of
the proposed program will focus on biocompatibility testing of the “lentil-roots" hardware (LRH) with
Arabidopsis WT and mutant seedlings and ground-based studies of integrin distribution in Arabidopsis
roots.

We are in the definition and development phase for space flight experiments on the ESA Biorack
payload on S/MM-05 (STS 81) and S/MM-06 (STS 84). Our accomplishments to date include: 1) The
internal configuration of the Lentil-Roots minicontainers has been successfully modified for growth of
Arabidopsis seedlings. We use a series of filter papers and cellulose nitrate membranes to grow the
seedlings. This ESA-supplied hardware previously was used for much larger lentil seedlings; 2) The
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light pretreatment for maximal germination of Arabidopsis seeds has been determined to be 14 hours.
Maximal germination is highly desirable for flight experiments; and 3) The Cannon L1 video camera
can be used for our experiments on S/MM-05. We went to Hanger L at the NASA Kennedy Space
Center to test the video camera in the ground Biorack unit. It has sufficient resolution to successfully
image the small Arabidopsis seedlings.

Since we plan to study the structure of starch in microgravity-grown seedlings, our studies should aid
in understanding basic starch structure and metabolism. Starch is the principal storage carbohydrate in
plants and is an extremely important natural product in both agricultural and industrial settings. Starch
is used extensively in foods and beverages, and can be converted to glucose and high fructose corn
syrup. In terms of industrial applications, starch and modified starches are important in
pharmaceuticals, detergents, paper products, coatings, resins, and numerous other products. For long-
term space flight and the International Space Station, our research should aid in understanding how
microgravity affects the development of starch and what implications this has for the food value of
plants.

Publications, Presentations, and Other Accomplishments:

Katembe, W.J., C.A. Makaroff, J.Z. Kiss "Identification of integrins in plant cells (abstract),”
American Society of Plant Physiologists, Charlotte, NC. Plant Physiology, 108(S), 92 (1995).

Kiss, J.Z. "The response to gravity is correlated with the number of statoliths in Chara rhizoids."
Plant Physiology, 105, 937-940 (1994).

Kiss, J.Z., M.M. Guisinger, A.J. Miller, J.B. Wright “The response to gravity is correlated to the
amount of starch in Arabidopsis intermediate-starch mutants (abstract)." American Society for
Gravitational and Space Biology, Bulletin 9, 38 (1995).

Kiss, J.Z., T. Caspar, J.B. Wright, A.J. Miller “Gravitropism in roots of intermediate-starch mutants
of Arabidopsis (Abstract)", American Society of Plant Physiologists, Charlotte, NC. Plant
Physiology, 108(S), 24 (1995).

Wang-Cahill, F., ].Z. Kiss "The statolith compartment in Chara rhizoids contains carbohydrate and
protein.” American Journal of Botany, 82, 220-229 (1995).
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Mechanisms of Gravity Sensing and Response in Hematopoietic Cells

Principal Investigator:

Marian L. Lewis, Ph.D. Phone: (205) 895-6553
University of Alabama, Huntsville Fax: (205) 895-6376

360 Wilson Hall E-mail: lewisml@email.uah.edu
Huntsville, AL 35899 Congressional District: AL-4

Co-Investigators:

Dr. Didier A. Schmitt, M.D. Laboratoire d'Immunologie
Funding:
Project Identification: Solicitation: 93 OLMSA-07
Initial Funding Date: 1/95 Expiration: 5/97
FY 1995 Funding: $125,000 Students Funded Under Research: 2

Joint Participation: ESA

Flight Information:
Flight Assignment: Biorack, S/MM-03, STS-76, 3/96
Responsible NASA Center: Ames Research Center
Flight Hardware Required: Biorack Cytokines H/'W

Task Description:

The overall objective of this proposal is to investigate the role of the cytoskeleton in gravity
(microgravity) “sensing” and signal transduction in single cells (lymphocytes). Specific aims are to
evaluate 1) cytoskeletal morphology; 2) signal transduction; and 3) expression of genes regulating
cytoskeletal and related proteins and cytokines. Justification: Membrane-cytoskeletal interactions are
involved in second messenger transduction by a signal amplification mechanism; intact microtubules
are required. Our results show altered actin morphology in mouse and Xenopus cells flown on STS-52
and 56 and HL 60 cells flown on STS67 and STS-69. The effect of altered cytoskeletal morphology on
signal transduction is unknown and will be investigated by probing for gene products by RT-PCR after
growth stimulating cells in microgravity. The proteins gelsolin and proftlin regulate actin
polymerization and filament formation in cardiac myocytea. Function of these proteins is modulated
by inositol diphosphate hydrolysis at the inner membrane. The effect of space flight on expression of
genes for these regulatory proteins is not known. The role of antigen presenting accessory cells is
controversial. Although an objective of the original proposal, the research to evaluate dendritic/T cell
interaction during lymphocyte activation will be conducted on a different payload. Instead, the S/MM-
03 research will concentrate on the RT-PCR evaluation of mRNA for a number of genes and the
morphological alterations of the cytoskeleton. Signal transduction evaluation will include
visualization of translocation of protein kinase C (PKC) from cytosolic stores to membrane sites after

stimulation of Jurkat cells with serum, rather than with specific mitogens, in microgravity .
First year activities to verify procedures and expand ground-based data are to: 1) develop primers to

Graduate mRNA gene transcripts by RT-PCR for the lymphocyte activation model proposed; 2) test
cytoskeleton /PKC interactions by immunofluorescence to evaluate early signal transduction events; 3)
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conduct an Experiment Sequence Test at NASA KSC to ensure cell survival and appropriateness of all
procedures. Second year activities include flying the first experiment to evaluate these parameters in
microgravity.

The most significant change in direction of this research is that, on this one flight opportunity, I
cannot fly the primary human T lymphocytes exposed to Con A and anti-CD3 as | originally proposed.
Hopefully some of the original objectives using T cells can still be met through my collaboration
(which was formalized in FY95) with Co-investigator, Dr. Didier Schtnitt. I have omitted testing
dendritic and T cell interaction and will plan this for a different payload.

As stated in the Task Abstract, the objectives for the first year included verifying procedures and
expanding ground-based data, developing the prisners to evaluate mRNA gene transcription products by
RT-PCR, testing cytoskeletosl/protein kinase C (PKC) interactions by immunofluorescence,
familiarization with the Biorack hardware and conducting the Experiment Sequence Test (EST) at KSC.
All of these tasks were accomplished. Specific achievements for the first year involved set up of the
project and included hiring a molecular biologist and a tissue culture technician, and purchasing a
Genequant, a thermocyder, and a gel electrophoresis system for the RTPCR assays. Scientific
achievements included verification of techniques for RNA extraction, cytoskeletal morphology
visualization and focalization of PKC in activated versus non-activated cells. One of the planned
original activities (evaluating dendritic T cell interaction by flow cytometry ) and one technique (use of
western blotting to evaluate early signal transduction events) were dropped from the study because we
chose to fly Jurkat cells rather than primary human lymphocytes. Jurkat cells were chosen for the
SIMM-03 opportunity as a systematic approach using a fail-safe model cell type in lieu of the less
reactively stable primary lymphocytes. I also chose to fly six replicate wells of Jurkat cells per
hardware unit, per time point, for each of two preservation methods, rather than to fly two cell types
and risk not having adequate replicates for the new RNA evaluations key to the main objective of this
flight opportunity. Our original plan was to fly primary lymphocytes on the second and third Biorack
opportunities; however, our renewal proposal was not selected for further funding after S'MM-03.

During FY95, we provided documentation including the Ground Support Requirements Document,
fluids lists, laboratory procedures for Hangar L activities, and other documentation developed in
cooperation with the ESA and NASA/Ames mission management team. We performed hardware check
out and functional verification, purchased parts including a pipetor and other materials for flight and
ground-based control tests. Other accomplishments included travel to Noeordwijk in December 1994 for
training on the Biorack "Cytolcines" and other hardware and a one week RT-PCR training session in
Dr. Millie Hughes-Fulford's laboratory to become familiar with current technology.

We have demonstrated that the Biorack hardware is an excellent choice for the TCELL experiment. Do
the throat cells grow and remain viable during the 48 hour ten plus pre-launch time? Our ground-based
tests showed that cell counts and viabilities for Jurkat cells held in the hardware were within the ranges
existed. Can we get good replication of counts, viabilities and RNA from cells grown in the Biorack
hardware? Results from the EST at KSC in October, 1995 showed good well-to-well replicability for
cell counted glucose levels and RNA extraction.

Immunofluorescence microscopy procedures have been refined to show actin and tubulin cytoskeleton
and nuclear morphology in cells grown in the Biorack hardware. The RNA extraction procedure details
are defined and were verified on the EST cells. We have shown migration of PKC from the cytosol to
the cell membrane in activated cells. Are hardware preparation procedures verified? Procedures and
questions of hardware sterilization and cell handling during loading and unloading and storage have been
answered. Which gene products will be evaluated? We have selected primers to evaluate by RT-PCR the
following: beta actin, constitutive and inducible heat shod proteins, several cytoskeletal associated
proteins, cyclophilin, c-fos and c-myc.
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What additional primers will be selected for analysis? We will determine this after evaluating RNA
from the EST cells by RT-PCR. What are the minimal G levels that affect cytoskeletal assembly and
morphology? We continue to show on other payloads that cytoskeletal morphology in flown cells is
altered. Why should low-g affect the coalescence or polymerization of the actin and tubulin filaments?
How does this alteration affect the transduction of signals from membrane to nucleus and back? Which
genes are affected? How are the MAP kinases involved or is phosphorylation of MAP kinase cascade
affected in low-g?

This year's progress has been extremely significant considering that the lab was not staffed and no
equipment for RT-PCR was in place. We have now developed a full laboratory capability to test any
number of gene products from RNA extracted from flown or ground cells. This is, after all, the point of
cellular control basic to all cellular function. The effect on future work on this taste is that we are now
set up to perform these assays for our own research and can perform gene product assays for co-
investigators and other investigation. The possibility of answering the new questions generated by this
research is critical to the continuity of NASA's gain from initial funding to this project and will
provide significant information from future flight and ground research.

Information over the past twenty years of manned space flight consistently indicates a reduced response
of human T lymphocytes to mitogenic challenge during, and for several days after flight. Why this
occurs has not been clearly defined. The number of in-flight illnesses reported over the years indicates a
high probability that susceptibility to ilness can be a problem during long-term space flight. In 1992.
Taylor, et al. compiled data to confirm a significant inflight reduction in the cellular immune response
of astronauts during space flight, and there is evidence that stress (Earth and/or space flight) and other
factors, such as the increased growth rate of bacteria in microgravity, may increase the chance of
infections. Thus, space flight-induced immunocompetence could present a serious problem for long-
term human space exploration. On Earth, similar illnesses result from compromised immune cell
function in immune deficiency diseases. ‘

Clearly, information gained on the mechanisms involved in reduced human cellular immunity during
space flight is applicable to space- and Earth-bound medicine and biotechnology since an understanding
of mechanisms guides drug design and countermeasures and has ramifications for treatment of immune
system disorders including AIDS and cancer.

The two basic biological molecular level processes for which understanding can be gained from this
research are the role of the cytoskeleton in gravity “sensing” and the mechanism by which gravity
affects the expression of specific genes in the differentiation and growth of cells. My colleagues and 1
clearly demonstrated in experiments flown on STS-52 and STS-56 with mouse osteoblasts and xenopus
myocytes, that actin cytoskeletal morphology in flown cells is significantly altered compared to that of
ground control cells held in the same hardware at the same temperature and using the same timeline as
the flight experiment. We showed low-g effect on the cytoskeleton again on STio7 and STS-69 with
HL-60 cells. The cytoskeleton does not polymerize elements to the same extent in flight as in ground
cultured cells. Cells are also consistently growth retarded and utilize less glucose during space flight.

This research investigates regulation of specific genes, namely those involved with cytoskeletal
assembly and function in an effort to learn how the cytoskeleton is involved in gravity "sensing”.
Information resulting from this research will absolutely advance the understanding of cell-level gravity
“sensing” by defining the measurable effects on the cytoskeleton and related signal transduction
pathways and evaluation of the mRNA of significant and specific growth and function regulatory genes.

This research, directly probing gene expression and regulation in the cells involved with cellular
immunity, is focused on the very basic molecular mechanisms of cytoskeleton related signal
transduction and gene expression. The short term problems encountered by humans in space flight have
similarities to illnesses on Earth for which no effective treatments have been developed (AIDS and
some forms of cancer).
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Gene therapy and control of cell growth at the gene and molecular level is already being tested
clinically. The results of our research can advance understanding of basic regulatory mechanisms

understanding of the regulatory processes of cell growth and differentiation, specifically lymphocytes,
can facilitate rational design of drugs and development of therapeutic procedures for improving human
health.

Potential for production of cytokines in low-g and potential for development of new drugs based on
information gained from this research are significant benefits from this research,

Publications, Presentations, and Other Accomplishments:

Hughes-Fulford, M. and Lewis M.L. "Effects of Microgravity on osteoblast growth activation,”
Submitted and accepted experimental Cell Research, 1995,
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Modification of Radiogenic Damage by Microgravity

Princlpal Investigator:

Gregory A. Nelson, Ph.D. Phone:

Space Biological Sciences Congressional District: CA-27
Mail Stop 89-2

Jet Propulsion Laboratory

4800 Oak Grove Drive

Pasadena, CA 91109
Co-Investigators:

No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: 93-OLMSA-07
Initial Funding Date: Expiration:
FY 1995 Funding: $ Students Funded Under Research: 0

Flight Information:
Flight Assignment: Biorack ,$/MM-03, STS-76, 3/96
Responsible NASA Center: Ames Research Center

Task Description:

The purpose of the proposed experiment is to measure the dose versus response relationships for
radiation-induced mutation and chromosome aberration in vivo in an animal in the presence and absence
of gravity to determine whether gravity unloading results in dose modification. If dose modification
occurs it means that risk assessments for astronauts exposed to radiation in space may need to be
revised and/or that spacecraft shielding designs may need to be modified to accommodate potential
reduced or enhanced radiosensitivity.

The first year's work will involve development of an inflight irradiator based on a Strontium-90
radioisotope source and calibration of dose versus response relationships for existing mutation and
chromosome aberration assays to this typg of radiation in containers equivalent to flight hardware. The
nematode C. elegans will be used to measure forward autosomal recessive lethal mutation using a
balancer chromosome technique and stable anaphase bridges in intestinal cells will be scored
histologically to quantify chromosome aberration. Continuing into year two, these calibrations will
measure effects of temperature variation and timing to provide a measure of variance under operational
conditions so the detection limits for differences due to gravity can be established in flight.

No additional data was provided by the investigator for this research.

38



II. Program Tasks — Flight Research Discipline: Biorack

Bacterial Growth on Surfaces in Microgravity and on Earth

Principal Investigator:

Barry H. Pyle, Ph.D. Phone: (406) 994-3041

Microbiology Department Fax: (406) 994-4926

Montana State University E-mail: umbbp@msu.oscs.montana.edu
109 Lewis Hall Congressional District: MT-1

Bozeman, MT 59717
Co-Investigators:

Gordon A. McFeters, Ph.D. Montana State University
Funding:
Project Identification: Solicitation: 94 OLMSA-03
Initial Funding Date: 7/95 Expiration: 6/98
FY 1995 Funding: $73,185 Students Funded Under Research: 2

Flight Information:
Flight Assignment: Biorack ,S/MM-05, STS-81, 12/96, Euro-Mir
Responsible NASA Center: Ames Research Center
Flight Hardware Required: ESTEC

Task Description:

In the context of human life support in space flight, there is clearly a need for the highest possible
bacterial water quality to limit the risks of infections in human occupants and minimize water system
deterioration. Biofouling bacteria such as Burkholderia (Pseudomonas) cepacia are among the most
common organisms isolated from Space Shuttle water systems. We have developed approaches on
earth which are useful for investigating biofilms in the spacecraft environment. We propose to
determine the effects of space flight and microgravity on the formation of biofilms by bacteria.
Procedures for preparation and storage of bacterial cells, growth media, physiological indicators, and
fixation will be developed and evaluated. We will also evaluate techniques to be used to examine post-
flight samples, including physiological assays and physical methods such as scanning confocal laser
microscopy with image analysis. Our overall goal will be to establish experimental protocols for
Biorack experiments to determine the effects of space flight and microgravity on biofilm formation by
water-borne bacteria, and their control. The information obtained will improve our understanding of
bacterial biofilms and their control both in spacecraft and on earth. The date obtained may be used in
the design of biological waste treatment systems for future use in spacecraft. It will also be important
in the development of microbial systems for the commercial production of novel compounds in
microgravity.

In July, the PI traveled to Toulouse, France, for familiarization with the Phorbol Type I containers

selected for use with this experiment, returning with two containers on loan. Samples of the
polycarbonate container material and other components were also obtained.
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Biocompatibility experiments were performed to determine if the container materials or lubricant
(silicone grease), had any effect on the growth of the organism Burkholderia cepacia. This extremely
oligotrophic (low-nutrient) organism was cultured in sterile reagent grade water (Milli-Q) and incubated
with the components singly and in combination. No inhibition or stimulation of growth was detected.

In early November, the PI traveled to NASA's Kennedy Space Center for briefing with ESTEC and
NASA ARC staff involved in the project, and reported on the initial biocompatibility experiments.

Two undergraduate students were selected from among eight qualified applicants to assist with the
project. They are both juniors majoring in microbiology at Montana State University. Carla Johnsrud
is enrolled in the Medical Technology option, while Ryan Storfa is in the Environmental Health
option. The PI began briefing them at the end of the Fall semester in December in preparation for their

active involvement from the beginning of the Spring semester, 1996. Both are intending to continue
on the project until their graduation at the end of the Spring 1997 semester.

There are no distinct earth benefits from the work done from July through December 1995, as all of the
work has been ground-based and is preparatory to the proposeg experiment.
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Gravitropism and Autotropism in Cress Roots

Principal Investigator:

Fred D. Sack, Ph.D. (Co-Investigator) Phone: (614) 292-0896
Department of Plant Biology Fax: (614) 292-6345

Ohio State University E-mail: sack.1@osu.edu
1735 Neil Avenue Congressional District: OH-5

Columbus, OH 30303
Co-Investigators:
Dietr Volkmann (Principal Investigator)

Funding:
Project Identification; Solicitation: NRA 94-OLMSA-03
Initial Funding Date: Expiration:
FY 1995 Funding: $ Students Funded Under Research: 1

Joint Participation: ESA
Flight Information:
Flight Assignment: Biorack
Responsible NASA Center: Ames Research Center

Flight Hardware Required: Biorack, photobox

Task Description:

The phenomenon of autotropic growth in cress roots has been observed in previous experiments under
microgravity. We propose to investigate and quantify the interrelation between gravitropic curvature
and autotropic straightening. By lateral stimulation, different gravitational stimuli - varying stimulus
intensity and stimulation time - will be applied to cress seedlings (Lepidium sativum). Flight
centrifugation will apply g, 0.1g, and 1g for 3-60 minutes to roots that have been germinated for 26
hours. Under microgravity conditions, the long-term behavior of roots following actual g-induced
curvature will be documented using time-lapse image capture,

Root growth analysis should enable us to determine the relative strengths of response to a limited dose
(g-stimulus) following withdrawal of that stimulus, and some “memorized” previous angle of
equilibrium growth. It will also be determined whether autotropic straightening results only from new
growth (in which case a record of older curvature should be maintained), or whether regions that curved
previously later straighten. It will also be possible to determine whether the extent of straightening is
affected by the intensity of the previous lateral centrifugation. Differential growth occurs through
changes in the shape of cells (length to width ratios or form factors). The form factor of cells in
curving and straightening regions will be determined to establish the basis for the tropic response.
This will be correlated with changes in the distribution of various cytoskeletal components (F-actin,
@-and y-tubulin, tho, myosin, profilin, etc) both in the loci of curvature and in the rootcap.
Differences between ground and microgravity controls will help establish the extent of interaction
between g-forces, cytoskeletal proteins, and organelles such as amyloplasts.
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Bratislav Stankovic started as a postdoc on the project on November 1, 1995. The timeline of the
flight experiment has been revised, in consultation with Dieter Volkmann and European Space Agency
(ESA) personnel. Procedures for ground-based controls are being developed e.g. clinostats are being
assembled. A method for visualizing the cytoskeleton in fixed, embedded (in Staedtmann’s wax) and
sectioned cress roots has been worked out. Critical cytoskeletal antibodies have been located. An
important antibody now available to us is against plant rho proteins, a possible organizer of F-actin.
Immunofluorescence trials using this antibody are in progress. The Columbus-based team has begun
to gain familiarity with Biorack and NIZEMI hardware specific to this experiment. The literature on
plant autotropism has been reviewed (in house) to startto place flight data in a wider intellectual and
evidential context.

This research is in fundamental plant root biology and does not address disease or therapeutics, nor is it
likely to have any foreseeable direct impact on the common man or in new technologies. It does,
however, address basic biological questions of widespread interest, i.e. "how do plants’ roots grow
down?" The basic question is whether there is some sort of "memory" in the root gravitational
response following conflicting and successive reorientations or g-excursions. We are also addressing
questions about threshold effects that can only be answered in space. Itis conceivable that this
information will be valuable in optimizing the growth of crops for prolonged flight missions with
humans.

Publications, Presentations, and Other Accomplishments:

Sack, E.D. "Cell biology of plant gravity sensing. Advances Space Research”, Vol 14, no 8, 117-119
(1994).

Sack, F.D., D. Kim and B. Stein "Organelle sedimentation in gravitropic roots of Limnobium is
restricted to the elongation zone." Annals Botany, vol 74, 35-42 (1994).

Schwuchow, J.M. and F.D. Sack "Microtubules restrict plastid sedimentation in protonemata of the
moss Ceratodon.” Cell Motility and Cytosksleton, Vol 29, 366-374 (1994).

Schwuchow, J.M., D. Kim and F.D. Sack “Caulonemal gravitropism and amyloplast sedimentation in
the moss Funaria." Canadian Journal Botany, vol 73, 1029-1035 (1995).

Walker, L.M. and E.D. Sack "Microfilament distribution in protonemata of the moss Ceratodon."
Protoplasma, vol 189, 229-237 (1995).

Walker, L.M. and F.D. Sack "An ultrastructural analysis of cell component distribution in apical cells
of Ceratodon protonemata.” Protoplasma, vol 189, 238-248 (1995).
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Effects of Microgravity on Lymphocyte Activation: Cell-Cell Interaction and Signaling

Principal Investigator:

Clarence F. Sams, Ph.D. Phone: (713) 483-7160
Biomedical Operations and Research Branch Fax: (713) 483-6227

Mail Code SD-4 E-mail: sams@sdmail.jsc.nasa.gov
NASA Johnson Space Center Congressional District: TX-22

2101 NASA Road 1
Houston, TX 77058

Co-Investigators:

B. Behnam Hashemi, Ph.D. NASA Johnson Space Center
Joseph E. Penkala, Ph.D. NASA Johnson Space Center
Funding:
Project Identification: 79 US - AGGS Solicitation: 94 OLMSA-03
Initial Funding Date: 10/95 Expiration: 9/96
FY 1995 Funding: $75,000 Students Funded Under Research: 2

Flight Information:
Flight Assignment: Biorack ,S/MM-05,-06; STS-81, 12/96; STS-84, 6/97
Responsible NASA Center: Ames Research Center

Task Description:

Lymphocyte activation involves a complex sequence of molecular events, including intercellular and
intracellular signaling. A number of studies, both during space flight and ground-based, show in vitro
lymphocyte activation is inhibited in altered gravity conditions. The majority of these experiments
have assessed activation based on radiolabeled.thymidine incorporation at 72 hours post-activation as a
marker of DNA synthesis. However, a temporal and mechanistic understanding of the inhibition is
still lacking. Our laboratory has investigated the inhibition of lymphocyte activation under simulated
hypogravity conditions (clinostat) by examining several temporal and functional points along the
activation pathway. We have found that activation of lymphocytes by mitogenic lectins or antibodies
exhibits a block very early at the transition from the GO to the G1 stage of the cell cycle. If phorbol
ester and calcium ionophore pairs are used for activation, this GO/G1 block is passed, but a later block
at or near the G1/S cell cycle transition is noted.

Our hypothesis is that hypogravity inhibits lymphocyte activation by altering cellular signaling
required for activation. This effect results from changes in intercellular biophysical interactions.
Attempts to understand lymphocyte inhibition in microgravity must, therefore, consider both
intercellular monocyte-lymphocyte interactions as well as the resulting intercellular signaling events.
Specific tests described in this proposal will include the microscopic measure 1) the formation of
intercellular signaling complexes, 2) cytoskeletal transitions in response to these events. Experiments
testing the resulting intracellular signaling will be addressed in a separate Biorack Flight Opportunity
proposal "Effects of Microgravity on Lymphocyte Activation: T Cell Receptor-Mediated Signal
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Transduction and Cell Cycle Regulation". Together, these experiments will provide insights into the
potential biophysical mechanisms involved in the inhibitory effects of gravity on cells and tissues.

This effort is a new start which was formally initiated in FY 96. Preliminary studies were performed
in FY 95 to verify the technical feasibility of experimentation in the AGGREGATE hardware. In
addition, detailed biocompatibility studies were performed using the hardware components and
materials. A need for modification of the hardware was identified during this testing.

The Cell Biology Discipline Working Group has identified several high priority areas for investigation
under the Space Biology Program. These include signal transduction systems, cell-cell interaction, and
cytoskeletal structure. The experiments in this investigation will include elements of each of these
research areas and will improve the understanding of environmental and gravitational influences on cells
in culture.

The elucidation of factors regulating entry and progression through the cell cycle is currently of extreme
interest to oncology, immunology, and developmental biology. Recently, a number of disciplines
have converged in establishing a model for cell cycle regulation that accommodates the deregulated cell
division in cancer, cell cycle delay in response to radiation, and the eventual failure and arrest of the cell
cycle during aging. The system of hypogravity-mediated cell cycle arrest provides a unique
experimental system to examine the tents of this regulatory model. The ability to uncouple signal
transduction systems through the use of hypogravity culture without the use of chemical agents or
metabolic poisons provides the unique potential to investigate the details of these integrated elements
in a more natural or physiological state.
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Microgravity and Signal Transduction Pathways in Sperm

Principal Investigator:

Joseph S. Tash, Ph.D. Phone: (913) 588-7421
Department of Physiology Fax: (913) 588-5677
School of Medicine E-mail: jtash@kumc.edy
University of Kansas Medical Center Congressional District: KS-3

3901 Rainbow Boulevard
Kansas City, KS 66160-7401

Co-Investigators:

Geracimo E. Bracho, Ph.D. Kansas University Medical Center
Funding:

Project Identification: Solicitation: 94 OLMSA-03

Initial Funding Date: 9/95 Expiration: 8/96

FY 1995 Funding: $93 568 Students Funded Under Research: 1

Flight Information:
Flight Assignment: Biorack S/MM-05, -06; STS-81, 12/96; STS-84, 6/97
Responsible NASA Center: Ames Research Center

Task Description:

in sperm. Motility in these experiments was not determined. In this connection, sperm able to swim
against a 1g force were found to contain higher levels of ATP. Since ATP is critical to the
maintenance of sperm motility, it is likely that microgravity may produce changes in sperm motility.
Sperm motility is regulated by the content of CAMBP, calcium (Ca?), and the state of protein
phosphorylation modulated by these second messengers. Whether these components are altered during
changes in gravitational forces are not known. The present study will examine, using ESA Biorack
Hardware, changes in ATP, ADP, cAMP, cGMP, and protein phosphorylation in sea urchin and mouse
sperm under a variety of physiological and gravitational conditions, including those which, in ENG,
promote oocyte fertilization. The research project comprises 4 specific aims: Aim 1: Determine
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yield information regarding biochemical mechanisms underlying the alterations in movement produced
by alterations in gravity. Results from these experiments will greatly expand previous data regarding
the effects of altered gravity on sperm function. These studies will yield information regarding
biochemical mechanisms underlying the alterations in movement produced by alterations in gravity.
Results from these experiments will greatly expand previous data regarding the effects of altered gravity
on sperm function. These studies will yield information relevant to plans for habitation and survival
during long-term space flight.

The plan for the first year will be 1) Prepare first set of sperm samples and set up the methods for
transport and incubation of sperm samples, 2) Assure biocompatibility of Biorack hardware for planned
experiments, 3) Plan fine details of the conduct of the experiments to ensure matched protocols and
identical treatment of samples for both SPFE and ENG experiments, 4) perform technician and flight
crew training, and 5) conduct simulations and first set of flight experiments and ground controls.

Progress towards making the proposed experiments ready for flight has been proceeding extremely well.
Biocompatibility studies have been successfully completed for the sea urchin sperm that will be used
for both SS/M-05 and SS/M-06. Our tests demonstrated that the sperm will survive in the Biorack
H/W extremely well under launch scrub conditions as long as 72 hr with no significant deterioration in
cell viability, and as long as 96 hr with only a slight reduction in viability. The initial timeline
discussions indicated that the experiment will be conducted at ~30 hr £ 12 EMT which is well within
the limits of optimal cell viability. The results of these experiments were presented at the IWG at
ESTEC in January, 1996 and crew procedure development was initiated with the BGT. Draft GSRD
and EPPs for SS/M-05 have been submitted to allow preparations to proceed for the EST scheduled for
May. Ground support personnel have been hired and are now under training. Preliminary experiments
on data analysis have been initiated. In conclusion, the progress of this year's tasks has been excellent
and should provide NASA and ESA personnel with sufficient support to allow our planned experiments
to be ready for EST, crew training, and flight.

In order for fertilization to occur, sperm must become motile and undergo a process termed capacitation
prior to being able to fertilize the egg. Some male factors are correlated with a lower ability to undergo
changes in sperm motility associated with capacitation. This area of sperm function has been studied
for a long time under Earth gravity conditions and is of particular relevance to male infertility. The
planning for long term space habitation raises the question of whether the normal fertilization produces
might be altered under microgravity conditions. Earlier unmanned microgravity experiments, in fact,
demonstrated that motility of bull sperm is altered significantly in microgravity. Our area of focus, in
ground-based experiments, has been to study the role that second messenger pathways play in
regulating the initiation and modulation of sperm motility. In this regard, changes in second
messengers and protein phosphorylation are critical components of the regulation of sperm motility.
Our microgravity experiments will expand these studies to determine whether the reported changes in
sperm motility under microgravity are correlated with alterations in the intracellular messenger
pathways and protein phosphorylation targets that regulate motility. Since sperm expend considerable
levels of the biochemical energy supply to produce motility, these studies are also relevant to
bioenergetics under microgravity conditions. Results of these experiments will not only expand our
knowledge of the basic biological process of sperm function, but also address and area of biology
relevant to extended habitation in microgravity.

Publications, Presentations, and Other Accomplishments:

Ahmad, K., G.E. Bracho, D.P. Wolf and J.S. Tash "Regulation of human sperm motility and
hyperactivation component by Ca®™, calmodulin, and phosphoprotein phosphatases.” Arch. Androl.,
vol 35, 187-208 (1995).

Bracho, G.E. and .S. Tash " Assaying protein phosphatases in sperm and flagella.” Methods. Cell.
Biol., vol 47, 447-458 (1995).
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Biochemical Assessment of Stress in Cardiac Tissue
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No additional data was provided by the investigator for this research.
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No additional data was provided by the investigator for this research.
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Effect of Space Flight on Adrenal Medullary Functions
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Expiration: 12/95
Students Funded Under Research: 2

Task Description:

It is well known that microgravity conditions during space flight affect endocrine responses causing
alterations in hormone levels, e.g., in the adrenal, pituitary, thyroid, and pineal glands. Thus,
microgravity-induced changes in blood- and urinary-catecholamine (CA) levels have been observed, yet
the cellular/molecular mechanisms leading to these changes are not known. We hypothesize that space
flight might alter the expression and specific activities of the adrenal medullary CA synthesizing
enzymes. Using a previous tissue sharing program we obtained evidence for a microgravity-induced
decrease in the expression and specific activity of rat adrenal medullary tyrosine hydroxylase, the rate
limiting enzyme of CA synthesis. We now propose to confirm and extend our findings on the effects

of microgravity on the CA synthesizing system by usin
in some previous and future Space Shuttle missions.

g additional adrenal glands from animals flown

Specifically, we propose to 1) determine total CA contents, in particular assessing the ratios of
epinephrine/norepinephrine in intact adrenal glands, using reversed phase HPLC with electrochemical
detection; 2) measure the specific activities of three of the major CA synthesizing enzymes, tyrosine
hydroxylase, dopamine-beta-hydroxylase, and phenylethanolamine-N-methyltransferase using
radioenzymatic/colorimetric assays; 3) assess the amount of immunoreactive CA synthesizing
enzymes by quantitative Western blotting; and 4) evaluate the differential gene expression of CA
synthesizing enzymes by using semi-quantitative PCR and slot blot technology.

Our initial findings of a significant microgravity-induced decrease of tyrosine hydroxylase expression

and specific activity are exciting by themselves from the

basic science point of view. Moreover they

might be consequential for space flight in general. However, before any definitive conclusions can be
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drawn, our observations need to be verified and extended using a larger sample size and more elaborate
controls. The present NASA Research Announcement provides the prospect for a timely, thorough
follow-up to our initial studies.

In view of the extended delay of over two years, there has been no progress achieved so far on this
project. The tissues themselves arrived in December 1995. However, with the tissues now in place,
we intend to carry out the analyses as planned. We will investigate the effects of space flight on
adrenal medullary function by analyzing tissue catecholamine contents by HPLC with electrochemical
detection. We will analyze the expression/activity of catecholamine synthesizing enzymes and finally,
we will check expression of the same enzymes by immunohistochemistry. Due to the long delay
between writing the grant, obtaining the tissues and receiving all the funding in the near future, the
team that originally was supposed to work on this project has dispersed. At this point the principal
investigator is retraining two students in the lab to carry out the above analyses. The training will
occupy much of the first three months of this year. In those three months, two students will be trained
in analyzing catecholamines and assaying catecholamine synthesizing enzymes as well as in
immunohistochemistry. Thereafter, we anticipate spending the remaining nine months on carrying out
the experiments as described in the proposal. ‘

Since this is a strictly physiological/medical study on animals flown in space there is no direct Earth
benefit. On the other hand, our initial results published in FASEB J. suggested for the first time a
decrease in catecholamine levels in rats that were directly exposed to space flight. More recently,
published reports on human astronauts seem to confirm our experimental data. Therefore, the
continued broadening of our studies will be of enormous importance for understanding in detail the
mechanism of how and why catecholamine synthesis and secretion is decreased in vertebrates exposed to
microgravity in space.

50



II. Program Tasks — Flight Research Discipline: Biospecimen Sharing

Mitochondrial Changes in Muscle Following Space Flight
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No additional data was provided by the investigator for this research.
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Glial Cell Reaction from Space Flight
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No additional data was provided by the investigator for this research.
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Vitamin D Endocrine System After Short-term Space Flight
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Flight Information:

Responsible NASA Center: Ames Research Center

Task Description:

We used immunohistochemical, biochemical and molecular approaches to analyze the expression of
calbindin-D,y, and calbindin-Dy, in kidneys, intestine, and pancreas of rats flown for 10 days aboard the
Spacelab 3 mission. We compared the effects of microgravity on calbindins in rats in space vs.
"grounded” animals (synchronous Animal Enclosure Module controls and tail suspension controls).
Exposure to microgravity resulted in a significant decrease in calbindin-D,4, content in kidneys and
calbindin-Dy, in intestine of flight and suspended animals, as measured by enzyme-linked
immunosorbent assay (ELISA). Immunohistochemical results demonstrated similar changes in
calbindins in some animals. These findings suggest that a decreased expression of calbindins after short-
term exposure to microgravity and modelled weightlessness may affect cellular Ca** homeostasis and
contribute to Ca** and bone metabolism disorders induced by space flight.

Two species of rat calbindins, calbindin-D,q and calbindin-Dy,, were measured using enzyme-linked
immunosorbent assay (ELISA) with monoclonal anti-calbindin-D,,, antibodies and antiserum against
calbindin-Dy,. Significant decreases in levels of renal calbindin-D,,, and intestinal calbindin-D,, were
found in flight and suspended animals. The level of renal calbindin-Dy, was very low and did not change
significantly.

In situ levels of calbindins on fixed tissues were evaluated using described above primary antibodies
and biotin-streptavidin techniques. Immunohistochemical results demonstrated are similar to those
obtained with ELISA, changes in calbindins in some animals, especially in tail suspension groups.

In summary, the results obtained suggest that a decreased expression of calbindins after a short-term
exposure to microgravity and modelled weightlessness, may affect cellular Ca>* homeostasis and
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contribute to Ca** and bone metabolism disorders induced by space flight. Decreased levels of intestinal
and renal calbindins during a long-term space flight may significantly contribute to the development of
disorders in Ca®* and bone metabolism; however, whether this is the case remains to be answered.

The exposure of the body to microgravity during space flight causes a series of well-documented
changes in Ca?* metabolism, yet the cellular/molecular mechanisms leading to these changes are poorly
understood. There is some evidence for microgravity-induced alterations in the vitamin D endocrine
system, which is known to be primarily involved in the regulation of Ca’** metabolism. Vitamin D-
dependent Ca®” binding proteins, or calbindins, are believed to have a significant role in maintaining
cellular Ca?* homeostasis.

The results of this study contribute to our understanding of the genesis of microgravity-induced
disorders of calcium metabolism. Understanding of the mechanisms underlying those disorders arc
important to the development of pharmacologic and dietetic therapeutic strategies to prevent bone and
calcium metabolic diseases in space and on Earth.
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The Effect of Space Flight on Rodent Ocular Tissues
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No additional data was provided by the investigator for this research.
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Task Description:

The purpose of this flight project was to apply noninvasive techniques for estimating bone function
and calcium metabolism in individuals exposed to space flight through the Cosmos program. 1) The
non-invasive technique that estimates bone function is an analysis of the response to a vibratory
stimulus. This test uses a new instrument called the Mechanical Response Tissue Analyzer (MRTA)
that originated at ARC through NASA basic research support. 2) The non-invasive technique that
estimates intracellular calcium (ICCA) is an innovative test developed by a small company in the Bay
Area. The test uses x-ray micro-analysis to determine the mineral and electrolyte content of sublingual
cells that are fixed on special slides after they are obtained by gently scraping the surface of the oral
mucosa. We had obtained sufficient preliminary data for both tests in ground based human experiments
to justify their use in the non-human primates that were scheduled for the Cosmos 2229 mission.

The experimental design of the space flight project was to acquire measurements that used both tests,
the MRTA and the ICCA at 3 or 2 time points in 2 monkeys pre-flight and post-flight. We treated the
monkeys as single case reports whose pre- and post-flight measurements were evaluated against a
background of normative data acquired in the Rhesus monkeys that grew up in the vivarium in
Moscow. We had also acquired longitudinal data in a pilot study for this space flight beginning 2 years
prior to the flight in order to determine whether chair restraint per se caused changes in the test results.
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An additional consideration in this project was the need to evaluate the nutritional status of vitamin D
in Rhesus monkeys at ARC and in Moscow. Vitamin D metabolism in this species is different from
the human with respect to the circulating levels of the vitamin D hormone, 1,25-dihydroxyvitamin D.
We measured the hormone and its substrate in the blood of ARC animals fed commercial diets heavily
supplemented with vitamin D and in Russian IMBP monkeys fed natural food without supplements.

The non-invasive test of cross-sectional bending stiffness with the MRTA has proven to be a valid
biological direct measure of the biomechanical properties of the tibia. Current practice is to determine
the functional integrity of bone by quantifying the mineral content, an essential component to the
strength of the bone. The non-invasive MRTA test result may be a more complete measure of the
functional integrity of a long bone and avoids exposure to radiation. Additionally, we found reduced
bending stiffness in the tibias of monkeys who were restrained in chairs only 2 weeks. To document
significant changes in a biomechanical property of bone after so short a time interval was unexpected
and emphasizes the dynamic nature of bone. The space flight results differed from chair restraint on the
ground in that post flight values in 2 animals who lost weight did not change more than 2 weeks after
landing. Our findings suggest that depressed bending stiffness so soon after chairing on the ground is
more likely related to metabolic than structural elements affecting mechanical properties in bone.

Comparison of sublingual cell concentrations in 2 groups of non-human primates with different diets
revealed little connection between the intracellular ion level and the level of ion in the diet except for
potassium whose concentration more or less paralleled the dietary intake of the ion. In chaired
monkeys, there were increases in the levels of the ions normally in the bone, Ca, Pi and K, an
indication of the effect of chair-restraint on the transport of ions. Ion levels after space flight were
similar to those in chair restrained animals suggesting that restraint and inactivity, rather than
microgravity accounted for the changes in ion levels.

The Mechanical Response Tissue Analyzer (MRTA) represents advanced technology that has
application not only to loss of bone during space flight but also to any situation or condition in which
the functional integrity of bone (i.e., its strength and mechanical properties) is in doubt. Currently,
physicians use bone scans by densitometers to determine bone mass recognizing that the lower the
mineral content, the more fragile the bone. In recent years, the failure of bone mass measures to
predict fractures has given rise to an interest in techniques that would permit some evaluation of bone
structure as well as mineral. The MRTA, quantifies bending stiffness or the intrinsic rigidity of the
bone, a function of both its mineral content and its structure (geometry). This information can be of
value especially in the practice of medicine to the Orthopedist, the Rheumatologist and most
importantly to the internist to detect and monitor patients with osteoporosis as a consequence of age or
menopause or both. The MRTA has the advantage of detecting the response of bone at its natural
frequency with an instrument that is of low cost, small size and easy transportability. The instrument
is currently available for research studies involving the human ulna, but analysis of the human tibia
remains experimental.

Publications, Presentations, and Other Accomplishments:

Arnaud, S.B., Dotsenko, R., Fung, P., Navidi, M., and Silver, B. "Space flight effects on intracellular
ions in sublingual cells of non-human primates.” Aviation, Space, and Environmental Medicine, 65,
469, 1994.

Arnaud, S.B., Wronski, J.J., Korolkov, V.I., Dotsenko, R., Navidi, M., Fung, P. "Structural Studies,
Molecular Endocrinology and Clinical Applications.” Edited by: A.W.Norman, R.Boullion,
M.Thomassett Walter de Gruyter, Berlin & New York, pp 785-6, 1994.

Roberts, S.G., Hutchinson, T.M., Steele, C.R., Kiratli, B.J., Martin, B., Arnaud, S.B. "Validation of

non-invasive mechanical measurement in vivo of bone properties.” Int'l Biomech., Amsterdam, July
15, 1994,
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Smith, S.R., Hutchinson, T.M., Burshell, A., Amaud, S$.B. "A direct non-invasive measure of bone
mechanical properties in patients with fragile bones.” Application of Space Life Sciences, Today's
Imperative: Bringing Space Benefits Down to Earth, Houston TX, April 1995.
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During embryonic development, the most exposed tissue of the eye, the cornea, becomes differentially
bulged outward because of constant intraocular pressure (IOP). The component cells of the cornea
secrete a unique, paracrystalline extracellular matrix (the stroma) composed of orthogonal plies of
collagen fibrils and proteoglycans. The cornea remains avascular, becomes transparent, and becomes
more densely innervated than any other region on the surface of the body. Corneas from chicken
embryos that flew on STS-47 contain many more cellular processes in the outermost region of the
stroma (Bowman's Layer) than any corresponding region of control corneas. These processes appear to
be cross-sections of cytoplasmic extensions of cells and are found in that region of Bowman's Layer
immediately beneath the basal lamina of the corneal epithelium. Here, we propose to compare corneas
of quail that flew in space on Mir-1 with those of ground controls to determine if the same unusual
cellular processes are seen as in the space-flown chicken corneas. In the central regions of such space-
flown corneas, the processes appear to be either portions of basal epithelial cells whose pseudopodial
extensions have migrated down through their own basal lamina into the stroma, or corneal nerves that
have innervated the corneal stroma in an unusual manner. Eyeballs of embryos fixed on Mir-1, control
embryos fixed at KSC and clinostated embryos fixed at KSU, will provide corneas for this study.
Electron microscopy will be used to assess the distribution of the cellular processes in Bowman's Layer
in the central region of each cornea. Attempts also will be made to determine the relative
glycosaminoglycan distributions in the corneal stromas by indirect immunofluorescence and to record
whole-mount staining patterns of the corneal nerves.

On two separate flights to the Mir space station on which quail eggs were incubated in a Flight

incubator (Mir-18/STS-71 and Mir-19/STS-74), virtually all of the embryos died after 4-5 days of
incubation. Because the same pattern of early mortality was observed when quail embryos from the
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same batch of eggs were incubated in an identical flight-model incubator on Earth, and yet because
embryos from the same batch of eggs developed normally when incubated in a standard laboratory-
model incubator, it appears that the design of the flight-model incubator must be changed before the
flight experiment can really be performed.

Despite this disappointment with the equipment, some information has been obtained. Quail embryos,
particularly from the breed developed by the Russian space agency, appear to be quite hardy, able to
withstand the stresses of transport to the launch pad, the launch itself, and incubation on Mir. In
addition, it appears that the cosmonauts did an excellent job of transferring the quail eggs from the
incubator to the ziplock bags of fixative solution and breaking the shells gently to allow fixative
penetration, all without release of fixative solution into the cabin. Return of the fixed eggs from Mir
to the U.S.-Shuttle, and from the U.S. landing site to NASA-Ames Research Center, all occurred as
planned, as did matching fixations performed on Earth on the two control groups of embryos - those
incubated in the Flight-model incubator and in the laboratory-model incubator.

In our own work, we have determined that the corneas of embryos stored for at least 4 wks at room
temperature in the same type of 4% paraformaldehyde solution as used on the Flight and control
embryos, when followed by further fixation in glutaraldehyde and osmium tetroxide, show excellent
preservation of ultrastructure in the extracellular matrix and intracellularly. Thus, we are confident that
we will be able to compare the ultrastructure of corneas from flight, synchronous ground controls
(flight-model incubator), and ground (laboratory-model incubator) controls.

In addition to recording eyeball weight, volume, and diameter and cornea diameter, transparency, and
ultrastructure, we appear to be close to having an operational method that will allow us to perform
whole-mount immunostaining of the nerve patterns of corneas, even after long-term storage at room
temperature in paraformaldehyde.

Several questions have been answered, such as: the flight-model incubator hardware is not designed
optimally, quail embryos are excellent models for this experiment, Russian and U.S. flight and ground
personnel can perform all operations as planned, both in flight and on the ground, fixation protocol
produces eye tissues fixed acceptably for our analyses, an alternative fixative solution (85%
ethanol/15% glycerol) was tested on flight and control embryos and shown to give tissue fixation that
was very poor, in comparison with fixation by 4% paraformaldehyde.

Could an already-Flight-tested type of avian egg incubator be substituted for the current Flight-model
incubator on the Mir station? For example, such an incubator is available from SHOT, Inc. (Space
Hardware Optimization Technology, Inc./P.O. Box 351, Floyd Knobs, IN 47119/Vice- President: John
C. Vellinger/Tel: (812)-923-9591/FAX (812)-923-9598). This model incubator was used successfully
for incubating chicken eggs on STS-29, and chicken eggs are much larger, and encased in more brittle
shells than those of quail. Retrofitting this incubator for incubating quail eggs would not be difficult
mechanically. Whether it could fit into the space currently occupied by the quail egg incubator on Mir,
and operate on the electrical power source available there, would have to be discussed by Russian and
U.S. engineers.

A method is needed for providing a continuous, reliable recording and print-out of incubator temperature
and relative humidity during the entire incubation period in the flight incubator, and in both types of
control incubators on Earth as well. A comparable system also should be devised for monitoring
temperature and relative humidity during prelaunch storage and transport, as well as during egg storage
during launch and transport to Mir.

We would like to devise a technique for monitoring the intraocular pressure of embryonic quail eyes
during incubation in microgravity, in comparison with incubation on Earth.
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We will not be able to perform this experiment unless a Flight-model incubator, suitable for use on
Mir, can be designed quickly and be demonstrated to provide as optimal an environment for incubating
quail eggs as provided by currently available laboratory-model incubators. Such comparisons should be
done first on Earth, repeatedly, to demonstrate the long-term reliability of the new Flight-model
hardware. For comparison, it is worth noting that many developmental biologists have simple,
laboratory-model avian egg incubators that have been running continuously in their labs for periods
exceeding 25 yrs, serviced only by a monthly drop of oil! Such incubators can be used for incubating
chick and quail eggs simultaneously.

Until new Flight-model incubator hardware is assembled and tested successfully on Earth, justifying
further attempted incubations on Mir, we will use the time and resources available to try to increase the
amount of information that we will be able to obtain from eyes of quail embryos stored in
paraformaldehyde fixative solutions at room temperature. For example, these efforts have already
provided us with an exciting new method for visualizing the whole-mount nerve patterns of entire quail
corneas. Corneas are the most highly innervated structures on the surfaces of vertebrate bodies, so
being able to visualize their nerve patterns easily in heavily- fixed tissue is a major accomplishment.

The eye is dynamic in at least two respects. First, the eyeball itself develops during embryogenesis
much like a balloon or and automobile tire inner tube in that it inflates/enlarges under pressure from
within itself. Second, again like a balloon or a tire, it maintains its structure during adulthood by
continuous maintenance of pressure within itself; it does not just inflate itself once and simply become
rigid. The fact that the cornea of the eye bulges outward more acutely than the curvature of the rest of
the eyeball offers yet another analogy: to that of a defective automobile tire or inner tube in which a
weak spot in one wall leads to the formation of an acute bulge. In fact, the cornea develops its
differentially acute curvature during embryogenesis specifically because of intraocular pressure and
maintains normal structure only so long as that internal pressure is maintained.

When we lean over and put our head between our legs, a lot of fluid shifts from the middle of our body
to our head, including the region around the eyes, essentially squeezing the eyeballs from outside, and
raising intraocular pressure to an average of 30% above resting levels within 20 sec, rising to levels
that significantly overlap those associated with clinical symptoms of glaucoma. When pilots go into
microgravity for periods of ~ 20 sec during parabolic flight, a similar shift of fluid occurs from the
lower body toward the head and results in an increase in intraocular pressure averaging 50%; this
increase occurs each time microgravity is encountered during a linked series of parabolic maneuvers.

No data have been published yet about the degree to which the intraccular pressure of astronaut eyes
increases in response to entering an environment of microgravity, e.g., on the U.S. Shuttle or on Mir,
nor whether the initial, expected increase in that pressure is maintained for long periods of time. If
such high intraocular pressures are maintained in astronaut eyes, the chances of developing glaucoma
during long missions in space might be substantial. In addition, because the normal embryonic
development of the eyeball and cornea depend on the formation of certain levels of intraocular pressures,
it will be important to determine whether these structures will be able to develop normally at all in
sustained microgravity. If quail are to be used as a renewable food source for long space missions (e.g.,
Mars), it will be important to determine whether eye and cornea development will be compromised if
quail embryos undergo all development in microgravity, as on the Mir station. Our experiments will
determine the extent to which the major steps in the embryogenesis of the eyeball in general, and the
cornea in particular, can occur normaily in microgravity.

On Earth, it is important to learn more about the basic mechanisms of eye development. To be able to

study how the developing eye and cornea respond to a new type of physical environment offers a rich
array of opportunities for learning more about the eye, those of humans as well as those of quail.

61



II. Pmam Tasks — FlighftRcsearch

Discipline: Euro-Mir
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535 East 70th Street
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Congressional District: NY-14
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Expiration: 5/97
Students Funded Under Research: 1

Flight Information:
Flight Assignment: Euro-Mir
Responsible NASA Center: Ames Research Center

Task Description:

The mammalian musculoskeletal system is very sensitive to mechanical loading and weight bearing.
We have found in adult male rats that space flight can reduce the rate of new bone formation, alter the
muscle-tendon junctional complex, and affect the vasculature within the weight bearing diaphyseal
bone. However the relative importance of mechanical loading during embryogenesis or during limb
development in immature animals is largely unknown. This proposed flight of Mir-1 offers
exceptional possibilities because of the long duration of the flight, because tissues will be collected and
chemically preserved during the flight, and because enough quail samples will be provided to show
statistical significance for any changes which might occur.

Our objectives and methods of study are as follows: (1) To determine the stage of limb development
among quail embryos and hatchlings subjected to space flight relative to age matched controls. This
can be achieved grossly by a detailed Faxitron or x-ray analysis of limbs and comparison to controls, as
shown for developing rat tibias. (2) To use histochemistry, immunocytochemistry, morphometry and
electron microscopy, as appropriate, to further describe any changes in limb development as a result of
space flight. This will provide a more detailed study, at the cellular and tissue level, of any gross
changes described in objective #1. (3) To compare development of the long bones, which proceed
through a cartilage anlage stage before transforming into bone, to the development of the mandible,
which forms bone by a more direct conversion of mesenchymal cells into bone forming cells. This
study will also distinguish between space flight effects on cartilage versus bone during the limb
development process. (4) To analyze for mineral content of bone and calcifying cartilage using electron
microscopy and x-ray microanalysis. This will be augmented with Fourier Transform Infrared
microscopy (FT - IR) analysis which will determine any change in mineral crystal size and changes in
the organic component of bone.



II. Program Tasks — Flight Research Discipline: Euro-Mir

The long duration of this flight, the comparison of embryonic and hatchling skeletal samples, and the
comparison of different cartilage and bone developing systems within the same animal, offer many
unique opportunities for improving our understanding of gravitational effects on musculoskeletal
development.

Project funding began in May 1995 and the first samples from Mir were received and dissected at Ames
Research Center (ARC) in July 1995. We have had a subsequent dissection from a second flight,
which also occurred at ARC in December 1995. Four different development periods were studied at
embryonic ages 7, 10, 14 and 16. Unfortunately in both Mir flights there was a malfunction of the
egg incubator resulting in limited viability of these embryos. We collected samples from the flight,
synchronous controls and lab controls. We are in the process of studying these samples using light and
electron microscopy, histochemistry and immunocytochemistry as outlined in our original proposal.
Because of the relatively short period of time between the collections and the present report, we do not
have any conclusions about the study at this time.

One of the best documented effects of space flight is the reduction of the musculoskeletal tissues, in
mass and mechanical integrity, as a result of non-weight bearing. The loss of bone mass appears to be
a problem due to the reduction of new bone formation. This problem will also exist during
embryogenesis and is one reason for studying limb development in the quail during space flight. The
mechanisms behind this problem may shed new information on human diseases which also suffer from
reduced bone formation, such as occurs during aging and in osteoporosis. In addition, the associated
muscle and connective tissues which help regulate limb development function in an unknown capacity
relative to bone maintenance. By studying these associated tissues during development in space, where
there are reduced mechanical forces being applied to the skeleton, we may better understand the normal
human physiology and the role played by all these tissues during the aging process or as a result of
connective tissue disease.
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Effect of Microgravity on Afferent Innervation
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Flight Assignment: Euro-Mir
Responsible NASA Center: Ames Research Center

Task Description:

This proposal will test the hypothesis that microgravity affects the connectivity of afferent neurons and
hair cells in the inner ear, and vestibular nuclei neurons in the brain stem of the quail (Coturnix
coturnix japonica) raised in space. One ear of birds available through this NRA will be used to: I
determine, with light and electron microscopy, the branching pattern of afferent terminals contacting
hair cells. Specifically we ask: 1) Do chalice, dimorphic and bouton terminals seen in mammalian
vestibular organs also exist in birds? 2) Is the ratio of these terminals the same before (E6-E7)1 and
after (E10-E12) synaptic-genesis in ground controls? 3) Is the ratio of terminals obtained in ground
controls altered in birds produced in microgravity? 4) Is the average number of mature synapses the
same in ground and control birds? II. On the opposite ear and brain stem of each animal (ground or
flight) the neurofilament protein (NF), the S-1008 protein, and the synthesizing and degrading enzymes
for the neurotransmitters gamma-amino-butyric acid (GABA) and acetylcholine (ACh) will be
demonstrated immunohistochemically. NF will facilitate observing the branching pattern of afferents
inside the epithelia, whereas S-1008 will show regional variation of ganglion neurons nuclei
expressing it in parallel with myelination of axons. A change in the staining pattern of GABA
enzymes will reflect changes in the afferent system, whereas a change in ACh enzymes will suggest
changes of the efferent system. For light microscopy immunohistochemistry, tissues are embedded in
paraffin and cut at 8 - 10 um. Each section is saved on a manila folder and inner ear structures of each
embryo are identified. Sections are then floated in a water bath and affixed to polylysine coated slides
and processed in groups. For electron microscopy of synaptic density of afferent fibers inside epithelia
of the equilibrium organs, one ear will be dissected under the microscope after primary fixation with
formalin, the utricle-lateral canal ampulla (ULC) separated postfixed and embedded in epoxy. The
average number of afferent terminals with structurally mature synapses, in randomly chosen 100 pim?
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areas (n=50) at each age will be calculated. Knowing if differences in the innervation patterns of inner
ear afferents exist between space and ground controls is important, because the inner ear contains the
organ of balance and equilibrium responsible for motion sickness in space.

Specimens available for morphological analysis to date were not sufficient for comparisons.

It appears that specimens exposed to microgravity may suffer alteration in the geometry of the posterior
and horizontal semicircular canal topography. This observation, if validated by examination of
synchronous and normal ground controls, would be significant because endolymphatic flow will be
altered with a net effect on the stimulation of the hair cells in the cristae of these canals. Electron
microscopy analysis of specimens is still in progress. Immunohistochemical analysis of specimens is
still in progress.

The research proposed in this application does not seek to develop new therapeutic treatments for use at
the 1.0G earth environment. The research will,however, provide invaluable information for better
understanding the functioning of the vestibular (balancing & equilibrium) system in vertebrates. Even
today, after decades of space exploration, astronauts suffer vestibular disturbances in microgravity
despite intense and sophisticated training before space flights. The main reason for this is that at 1.0G
certain conditions of the space environment can not be replicated for long time. Only long time
adaptation to microgravity would provide the necessary training to diminish vestibular ocular conflicts
that lead to motion sickness. Long duration exposure to microgravity is only possible during space
flights.

The results obtained will tell us whether microgravity affects the progression of normal development of
processes that at 1.0G are known to depend stimulation aided by the force of the gravity vector. There
is sufficient data published in peer-reviewed journals to indicate that otoconia found in the inner ear of
vertebrates may influence the bearing load upon hair cells that lead to their depolarization and initiation
of vestibular stimulus. However, we know nothing about the effect that microgravity may play in the
development of otoconia when the animal is permitted to develop in microgravity from the time of
conception.

The expected results may also help humans, because motion sickness caused by variables other than
lack of gravity, afflicts millions in the 1.0G environment of the Earth.

a) Can vertebrates developed in space without otoconia and function normaily at 1.0G when returning
to Earth?

b) Are the afferent fibers that convey otolith inputs to the brain affected?

¢) Are behavioral vestibular deficits induced by microgravity in space accompanied by reversible
changes of the rewiring that induce the changes reversible?

d) Are the changes compensated for in a time frame that permits functional readaptation in different
environments?

In this project proving or disproving the hypothesis is significant for the future of space exploration.
A true hypothesis will alert humans to the effect of microgravity in the embryonic development of the
inner ear vestibular apparatus. A false hypothesis will suggest that variables other than reduced gravity
contribute to the development of motion sickness.

Publications, Presentations, and Other Accomplishments:

Domingue, G.J., G.M. Ghoniem, K.L. Bost, C.D. Fermin, L.G. Human "Dormant microbes in
interstitial cystitis.” Journal of Urology, 153, 1321-1326, 1995.

65



II. Program Tasks — Flight Research Discipline: Euro-Mir

Fermin, C.D. "Medicina de la Comunicacién Humana (chapter titled: “La fisiologfa auditiva™)."
Edited by: Y Peflaloza et al, Mexico. Instituto Nacional de la Comunicacién Humana Yy Subsecretarfa
de Servicios de Salud (SSA) Mexico, pp 301-322, 1994,

Fermin, C.D. "Funding Mechanisms." The Scientist, 9(24):13, 1995.

Fermin, C.D. "Neuronal proteins before, during and after vestibular synaptogenesis” (NASA Tech
Memo 12/1994). NASA Tech Brief, 124-128, 1995,

Fermin, C.D. "Sensory Integration and Equilibrium. Gordon Conference on Gravitational effects on
living systems.” New London, NH, July 18-22, 1994,

Fermin, C.D. "Color thresholding and video imaging in anatomy." Quantitative Morphology
Symposium of XIV federative international congress of anatomy. Lisbon, Portugal, Page 13, July
24-30, 1994,

Fermin, C.D. and D. Martin "Otoconia perfect/imperfect crystals." 52th Ann. Meet. Micr. Soc.
Am., Pages 42-43, Bailey & Garratt-Reed eds., San Francisco Press, Inc, CA, 1994.

Fermin, C.D. " NEUROBIOLOGIA DE LOS SISTEMAS SENSORIALES (chapter titled:
“Neurotransmision vestibular central. I Componentes y deficiones”).” Edited by: Meza-Ruiz, G
Universidad Autonoma de Mexico/Mexico, (in press, 1995).

Fermin, C.D. and D.S. Martin "Expression of S-1008 in sensory & secretory cells of the vertebrate
inner ear.” Cellular and Molecular Biology, 41, 213-225, 1995.

Fermin, C.D., D. S. Martin, and T.A. Jones "NEUROBIOLOGIA DE LOS SISTEMAS
SENSORIALES (chapter titled: “ Neurotransmisi6n vestibular central. II Funcién y aspectos
moleculares”)." Edited by: Meza-Ruiz, G Universidad Autonoma de Mexico/Mexico, (in press, 1995).

Fermin, C.D,, D.H. Lee, D.S. and Martin "Post-embedding TEM signal to noise ratio of S-100."
Hear Res, 73, 195-202, 1994,

Fermin, C.D,, D.H. Lee, and D.S. Martin "Elliptical-P cells in the avian perilymphatic interface of
the tegmentum vasculosum.” Scanning Microscopy, 9(4), 1207-1222, 1995.
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Garry, RF., AM. Kreig, W.P. Cheevers, R.C. Montelaro, Golding and C.D. Fermin “The
Retroviridae (chapter titled “Retroviruses and their roles in chronic inflammatory diseases and

autoimmunity”).” Edited by: JA Levy Vol. 4, pp 491-603, 1995.
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Task Description:

This experiment addresses the question of whether gravity is essential for the normal development of
connections between the gravistatic ear and the brain in quail. Previous work suggests that chicken
raised in microgravity have difficulties orienting in space and this up to a point where they may not be
viable. We suspect that this is due to abnormal formation of connections between the developing ear
and the developing brain. This experiment will test the outcome of a long-term exposure to
microgravity on the development of inner ear connections in quail embryos. The data are valuable
extensions of previous work on developing rat fetuses for which it is difficult to obtain such a long
term exposure.

An integral part of our project is the successful incubation of embryos from a stage before the inner ear
fibers are growing into the brain (e.g., approximately 3 days of incubation) to a time prior to hatching
(about 14 and 16 days of incubation), a task very difficult for the alternate model, the rats. Thus far,
two missions were flown successfully for the appropriate time. However, none of these missions has
provided material for us owing to mishaps during incubation of the quail eggs. It appears now that the
redesigning of the incubator has been completed for the eggs and we are looking forward to obtaining
microgravity-exposed quails.

Thus far, we have fine-tuned our application of the tracers to the ear of control animals. In the process
of doing this we have obtained valuable insights into a long-neglected issue of inner ear connections,
collateral fibers interconnecting between different sensory epithelia. We hope to complete this set of
information later this year and publish it. If we can obtain equally well-preserved flight quails, we can
certainly obtain the requested information for our project. We are very much looking forward to our
next landing of samples, our major task for the near future.
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This research deals with a basic biological question. In conjunction with ongoing research in rats
exposed during development to microgravity, this research could lead to a description of a critical phase
during which the developing connections between the ear and the brain need a gravity stimulus to
mature properly. This information could be crucial for any multi-generation space flight.

Publications, Presentations, and Other Accomplishments:
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Bruce, L.L., and Neary, T.J "Afferent projections to the lateral and dorsomedial hypothalamus in the
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Bruce, L.L., and Neary, T.J. "Olfactory projections in the Tokay gecko." Soc. Neurosci. Abstr., 21,
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Task Description:

Quail eggs of the hypodynamic strain were imported from Moscow and are currently incubating in
quarantine. Hatchlings will remain in quarantine for 30 days post hatch and at that time released by
USDA if proven to be disease free. The hatchlings will be grown to adulthood. Fertile eggs of the
hypodynamic strain will be express mailed to Kennedy Space Center to be flown on STS-76. The
shuttle will link with Mir where eggs will be transferred to the Russian egg incubator for development.

It was originally intended to test this hypothesis using egg incubation hardware similar to that used on
Mir. However, due to the lack of availability of Russian hardware for ground based studies thus far,
experiments were conducted using a laboratory incubator. Quail eggs turned 0, 1, 2, 3, and 4 times
daily showed hatchability percentages of 63, 66, 69, 75, and 76%, respectively. Results of this first
experiment indicate that quail eggs should be turned at least three times daily to improve the rate of
hatch. Chickens eggs were also‘included in the study and their hatchabilities were 26, 49, 56, 58, and
64% for 0, 1, 2, 3, and 4 rotations per day. These results indicate that chick embryos are more
adversely affected by lack of turning than quail eggs and that they need to be turned at least 4 times
daily or more for improved rate of hatch.

Results indicate that microgravity may be needed for the earliest stages of embryogenesis. However,
more reliable egg incubation hardware is needed with a centrifuge before this hypothesis can be
adequately tested. Preliminary results indicate no adverse effects of vibration and g force (launch profile
of the shuttle) on avian development. Only five quail embryos have survived microgravity and only
one of these embryos survived to the latter stages of development (15 days of incubation). Therefore,
interpretation of results on utilization of minerals from the shell will be difficult. Analysis of shells is
currently in progress.
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Research will help to elucidate the role of microgravity in the development of the avian embryo.
Results of flight experiments indicate that gravity may be needed during the earliest stages of avian
embryogenesis, but is not important for the latter stages of development. An egg incubator with
centrifuge on the International Space Station or the shuttle will determine if lack of gravity is the
reason for the death of young avian embryos in space.
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Effect of Microgravity on Osteoblast Gene Expression

Principal Investigator:

Millie Hughes-Fulford, Ph.D. Phone: (415) 750-6940
Department of Medicine Fax: (415) 476-1267

Mail Code 151F, Building 1, Room 110-114 E-mail: milliehf@aol.com
Univ. of Calif., San Francisco Medical Center Congressional District: CA-8
VAMC 4150 Clement Street

San Francisco, CA 94121
Co-Investigators:
No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: NRA 94 OLMSA-03
Initial Funding Date: 1995 Expiration: 1999
FY 1995 Funding: $193,000 Students Funded Under Research: 2

Flight Information:
Flight Assignment: Euro-Mir
Responsible NASA Center: Ames Research Center

Task Description:

The unique environment of microgravity can place unusual stress on, and cause many physiological
changes in organisms that evolved in a 1-g environment. Some of the basic physiological changes
include loss of fluids and electrolytes, muscle atrophy, space motion sickness, anemia, reduced immune
response, and loss of calcium and mineralized bone. The bone loss that accompanies space flight is one
of the most serious health hazards associated with, and impediments to, long-term manned missions.
Biomedical studies of manned space flight have consistently indicated a continuous and progressive loss
of calcium and weight bearing skeletal bone. Several lines of evidence, from both human and animal
studies, have demonstrated that the bone loss occurring in space flight is due to a decrease in bone
formation. The decrease in bone formation and osteoblast growth is likely due to both direct and
indirect effects of microgravity.

This flight proposal aims to analyze how microgravity effects bone loss by investigating alterations in
select gene expression patterns. Biomedical studies show that humans and animals exposed to
microgravity have continuous and progressive loss of calcium and weight bearing skeletal bone due to
lack of bone formation. The decrease in bone formation is related to the downregulation of gene
activation of important growth regulatory elements in the cells. Previous studies have not been able to
isolate ground effects from microgravity conditions. In this study, we will measure the activation of
immediate early genes in quiescent bone osteoblasts by adding 10% fetal calf serum (FCS) media to
quiescent cells to activate genes and cell growth in the presence of microgravity and onboard 1-g
controls. Mechanical stress used as a countermeasure for bone loss has been demonstrated to cause
release of prostaglandin E, (PGE,) from osteoblasts. PGE, can increase trabecular bone formation in
rats. The lack of PGE, synthesis occurring in space may be a critical factor responsible for the bone
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loss that occurs in astronauts. PGE, down regulation is likely a key component in the mechanism of
bone loss that occurs in astronauts We will look at key genes responsible for osteoblast growth and
homeostasis. These include the gene expression patterns of the elements responsible for PGE,
synthesis and action; c-PLA, (cytosolic phospholipase A, COX-I and COX-2 (cyclo-oxygenases), and
the PGE, receptors EP,, EP,, and EP;. Expression patterns will be analyzed in osteoblasts exposed to
microgravity using ntPCR technology. These studies will identify the genes that are activated with and
without gravity and will help us to determine the factors which regulate bone growth in space flight
and which factors are directly due to microgravity.

Preliminary testing and an activity plan for Biorack for first year (Jan 1995-December 1995) have been
completed.

1. Biocompatibility testing in modules Test for viability under conditions for all material types to find
best combination

A. Media: Keep media interface for specified times and then add to growing cells to test for toxicity
by measuring viability of cells at RT for 12, 24 and 36 hours and compatibility with various materials
for 12, 24, 36,48, 3, 4, 6, and 8 days by the methods below:
RESULTS: No Toxicity '

B. Cells: Keep cells in modules for specified times and test for toxicity by measuring viability of
cells at RT for 12, 24 and 36 hours.
RESULTS: No Toxicity

C. Fixative I: Leave fixative on modules with cells for specified times, freeze and test for recovery of
RNA in samples using extraction and verification of purity by agarose gel.
1)Recovery of samples after frozen for 1, 2, 4, 6, and 8 days.
2)Compatibility of fixative with module materials for 12, 24, 36, 48, 3, 4, 6, and 8 days (will
compound damage unit material and/or is it still effective). ‘
RESULTS: RNA recovered from cells grown in plunger modules.

D. Fixative II: Leave fixative on modules with cells for specified times, freeze and test for fixation in
samples by visualization of actin and surface receptors
1) Recovery of samples for 1, 2, 4, 6, and 8 days.
2)Compatibility of fixative with module materials for 12, 24, 36, 48, 3, 4, 6, and 8 days.
RESULTS: Lexan material of plunger is slightly discolored, but RNA OK.

2. Loading and Launch Delays Experiment Start-time Delays

A. Test for recovery of cell growth in 0.5% sera after delays of 12, 24, 36, 48, 72 and 96 hours. test
for viability by measuring viability of cells Using
1) cell count and
2)bromophenol blue exclusion and glucose utilization using aMEM, and aMEM with Hepes
RESULTS: Cells are activated and start new growth at appropriate time period.

B. Test for recovery of gene expression in cells activated with 10% FCS in sera after being in 0.5%
sera after delays of 12, 24, 36, 48, 72 and 96 hours using rtPCR. Genes tested, c-fos, COX-2, actin and
cyclophilin.

RESULTS: Cells are activated and start new growth at appropriate time period, RNA is being analyzed.
3. Crew procedures must be developed, verified and written COMPLETED.

4. Launch profile G forces effects on gene expression:
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A. Using facilities at AMES, we will take the cells in the modules through launch profile with 'ground
control' and then test for changes in gene expression. This data will tell us if the forces of launch will
cause any activation of gene expression, if so, activation will be delayed in orbit.

RESULTS: Initial studies revealed problems in activation spring, problem was resolved and testing is
planned in early 1996.

5. EST simulation at KSC, get first ground base results on

1) cell growth

2) mRNA expression during experimental protocol on c-fos, cyclophilin, COX | and 2, cPLA,,
statin, PCNA and EP,, EP,, and EP; receptors.

3) photography of cells fixed in formaldehyde using actin, Hoescht dye.

Osteoporosis is a generic term used to describe various bone diseases that are manifested by resulting in
fractures of the vertebrae, wrist, hip, humerus, and tibia. Osteoporosis is common in older adults, in
the presence of glucocorticoid excess as in Cushings syndrome and in people treated for asthma with
steroids. Osteoporosis has also been noted in healthy astronauts that are in microgravity for extended
duration. Our studies are concentrated on the basic mechanisms that regulate new bone growth and the
relationship of growth to drugs and environment. In our flight studies we will find the basic signals
which will increase bone growth and formation and compare the gene expression and cell morphology
in microgravity and 1-g environment on Biorack .

Asthma patients, Cushing patents, and astronauts that have osteoporosis have one thing in common,
an increase in glucocorticoids. After analysis of Skylab data, we have reported that the glucocorticoids
are increased on a daily average in astronauts. We followed up that discovery with studies on the
ground where we used comparable amounts of glucocorticoids found in astronauts and patients and
published data showing that the glucocorticoids decrease new bone growth by 50%. This growth is
partially to fully reversed by addition of exogenous PGE,. We have also found in our flight experiment
on STS-56 that microgravity interferes with normal bone cell growth activation and causes reduced
PGE, synthesis, that observation is in press in Experimental Cell Research. In addition, in recent
studies we have also noted that glucocorticoids reduce induction of early immediate genes by blocking
the cyclo-oxygenase pathway. The effects can be reversed by addition of exogenous PGE,. We are
currently investigating the basic molecular mechanisms that control gene expression at the promoter
region of the key oncogenes like fos and cyclo-oxygenase-2 that are needed for normal bone growth.

The lack of gravity in space flight also adds to the effects on bone loss since the necessary mechanical
strain is missing in 0-g. Recent experiments have shown that mechanical strain of confluent
osteoblasts results with a release of PGE, from the bone cells which is followed by elevated gene
expression of cyclo-oxygenase which is needed for bone growth. This is probably the major
mechanism by which exercise augments bone growth (manuscript in preparation).

The new technology made possible by our NASA grant have allowed us to make headway in our
studies of colorectal and prostate cancer. We have found that certain tumors (e.g. colorectal and prostate
cancers) have altered expression of cyclo-oxygenase-2 which is a primary cause of unregulated growth
in some of these tumors and may be the basis of aspirin protection from mortality in colorectal cancer
patients.

Publications, Presentations, and Other Accomplishments:

Hughes-Fulford M "Gl cell cycle arrest by dmPGA1: Up-regulation of c-fos and c-myc oncogene
expression without transition into S-Phase." J.Cell Biochem., 54, 265-272 (1994).

Hughes-Fulford M “Growth regulation and gene expression in osteoblasts by prostaglandins.”

Proceedings of the Int. Conference on Eicosanoids and other Bioactive Lipids in Cancer, Inflammation
and Radiation Injury (In Press 1995).
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Hughes-Fulford, M. International Conference on Eicosanoids and other Bioactive Lipids in Cancer,
Hong Kong, 1995.

Hughes-Fulford, M. UCSF Spore Group on Mammary Carcinoma, 1995.
Lewis, ML and Hughes-Fulford, M "Textbook for the International Space University (Chapter 3,

Cellular responses to microgravity)." Edited by: Suzanne Churchill Harvard University, 1995 (In
Press).
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Avian Blood Formation in Space

Principal Investigator:

Peter I. Lelkes, Ph.D. Phone: (414) 283-7753

Cell Biology-Winter Research Bldg. Fax: (414) 283-7874

Sinai Samaritan Medical Center E-mail: pilelkes@facstaff.wisc.edu
University of Wisconsin Medical School Congressional District: WI-5

Milwaukee Clinical Campus
945 North 12th Street, P.O. Box 342
Milwaukee, WI 53201-0342

Co-Investigators:

Brian R. Unsworth, Ph.D.

Funding:
Project Identification: Solicitation: NRA 93-OLMSA-06
Initial Funding Date: 10/95 Expiration: 9/96
FY 1995 Funding: $66,720 Students Funded Under Research: 1

Flight Information:

Flight Assignment: Euro-Mir
Responsible NASA Center: Ames Research Center

Task Description:

The initiation and maturation of the vasculature is an essential process during embryonic development.
Previous studies have shown that birds which, as embryos, were exposed to microgravity during space
flight, exhibit developmental anomalies which might be related to (or caused by) delayed or improper
vascular development. For example, the area vasculosa, the region of blood island formation and the
forerunner of the chorioallantoic membrane, was reportedly deformed in some quail embryos that had
developed during space. Also, other studies have shown that specific cellular events which may be key
to neovascularization, such as directed cell migration, homing, intracellular signal transduction,
enzymatic activities and the metabolism of extracellular matrix proteins seem to be affected by
microgravity.

Based on these studies, we hypothesize that the developmental anomalies observed in the past might be
related to or caused by delayed or improper vascular development. Specifically, we hypothesize that, at
a given developmental stage, such vascular abnormalities will be manifested by altered capillary density
and changes in the expression of subendothelial extracellular matrix (ECM) proteins. In testing this
hypothesis, we will analyze quail chorioallantoic membrane (CAM) and adrenals at various stages of
development. We propose these particular tissues as specific locations at which two different modes of
vascular development occur: vasculogenesis in the adrenal, i.e., the in situ development of blood
vessels from local mesenchymal vascular precursor cells, and angiogenesis in the CAM, i.e.,
development of new blood vessels by endothelial cell migration from pre-existing vessels.

76



II. Program Tasks — Flight Research Discipline: Euro-Mir

The specific aim of this proposal is to test our hypothesis. The methodological approach is dictated by
the constraints of the tissue preservation method used in space. We propose to first semi-quantitatively
assess, whether there is indeed a change in the pattern of vascularization during and after exposure to
microgravity in space. If indeed this is the case, we propose to proceed beyond the mere descriptive
phase and to address a mechanistic question, by analyzing the temporal and spatial expression of
angiogenic growth factors and their receptors.

Specifically, we will initially count, in histological preparations, vessels and immunostain endothelial
cells with specific antibodies (anti- vVWF and QH1). The extent of ECM protein deposition will be
assessed by immunohistochemistry and correlated with the degree of vascularization, using computer-
based image analysis. Also, the cellular source for ECM proteins will be assessed by in situ
hybridization. If indeed we find significant differences in the pattern of neovascularization between
ground and space animals, we hypothesize that such differences might be related to altered expression of
angiogenic/vasculogenic growth factors (e.g. FGF or VEGF) and/or their receptors. If the first
hypothesis is verified, we will use the available tissues to probe, by immunohistochemical and
molecular biological means, for the expression of aFGF, bFGF, VEGF and their respective receptors.
As controls we will use the matched time delayed and synchronous animals, as provided by the
US/Russian team.

This study is, to the best of our knowledge, the first one which specifically proposes to analyze the
effects of microgravity on avian vascular development. Since this study is the first of its kind, we
believe that the outcome (whatever the results may be) will significantly contribute to our scant
understanding of the effects of microgravity and space flight on embryonic vascular development.

According to the award letter the grant is active as of Sept 1, 1995. Nevertheless, we have carried out
in 1995, at our own expenses, significant studies both with ground-based controls as well as with
samples returned from MIR 18. At this point in time we've evaluated only some of the ground based
controls. The following progress has been achieved so far: 1) We have optimized the fixation
techniques for quail embryos by introducing multiple hairline fractures in the egg shell which permit
rapid penetration of the fixative. These techniques can also be implemented during flight and the crew
for MIR 19 was instructed in these techniques. 2) We have successfully immunostained blood vessels
(endothelial cells) in chorioallantoic membranes (CAMs) isolated from quail eggs after 2-4 months
fixation, thus providing evidence that long-term fixation under conditions encountered aboard the MIR
space station will not necessarily abolish antigenicity. However, we found that, depending on the
antigen studied, immunoreactivity is partially impaired, thus requiring laborious optimization of the
staining procedure for each individual antigen. 3) By using eggs (courtesy of Dr. P. Hester, Purdue
University) from the same hypodynamic strain that is used in the flight experiments, we have
established important baseline values for evaluating angiogenesis during the development of the
vasculature in the quail CAM. In addition to the immunological procedures detailed in the proposal we
developed novel fluorescent techniques to visualize blood vessels in whole mounts of long-term fixed
tissues. The latter procedure allows us to carry out complex, computer-aided morphometric analyses.
To the best of our knowledge, such elaborate studies have not been carried out before in quail CAMs.
The results from this study, currently being compiled for publication in a peer-reviewed journal, will
serve as ubiquitous comparators for assessing the effects of space flight on vascular development. We
validated the usefulness of our "gold-standard" data by comparing them to the normal laboratory
controls for the MIR 18 experiments: The vascular development, as assessed in terms of blood vessel
density, branching, etc., was identical for eggs incubated both here and in Moscow.

We participated in the dissection of the eggs returned from MIR 18 and, most recently, also from MIR
19. To study the effects of space flight on embryonic/fetal development, the investigators' group
decided to have the eggs fixed at days 7, 10, 14, and 16. Disappointingly, none of the flight eggs
showed significant embryonic development. Moreover, many of the synchronous controls, in
particular, those of the MIR 19 experiments, were "underdeveloped" or had died prematurely.
Preliminary data can be summarized as follows: a) In both experiments, the state of tissue preservation
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(fixation) was not always adequate. The problem of appropriate fixation needs further attention. b) To
date we have evaluated in part the returned CAM:s and adrenals from the laboratory and synchronous
controls of MIR 18. As indicated above, the laboratory controls developed normally. By contrast, we
detect developmental anomalies in the vasculature of all usable CAMs, i.e. those that seemingly
developed to term (days 7-16). Surprisingly, even in those CAMs, we see a lack of normal vascular
development. These preliminary data suggest that during the launch and/or subsequent incubation, the
eggs must have experienced certain, as yet, unknown conditions, which thwarted normal development.
One preliminary conclusion is that in early embryonic development the establishment of the
extraembryonic vasculature is prone to damage by adverse environmental constraints such as
launch/incubation conditions. The investigators' group is currently discussing how to remedy some of
the potential problems in the upcoming flights.

The goal of this research is to understand the effects of microgravity on vascular development. As such,
our studies are not primarily aimed at understanding specific diseases. However, as with all types of
microgravity research, the effect of gravity on a particular phenomenon can only be assessed in the
absence of this force. If, as we hypothesize, microgravity impairs vascular development, our research
might ultimately disclose mechanisms involved in vascular diseases.

The goals and methodologies employed in this research are designed to contribute to our understanding
of basic scientific processes in "space biology”. Specifically, we propose to investigate the effects of
space flight on cellular and molecular mechanisms, factors and their cognate receptors which are
involved in the early development of blood vessels. Since all embryonic/fetal development as well as
the well being of adult organisms is dependent on proper functioning of the vasculature, the studics are
of fundamental interest both from the basic science vantage point as well as for space physiology.
Specifically, our studies could have far-reaching implications for the prospects for "normal” embryonic
development in space.
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No additional data was provided by the investigator for this research.
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Effects of Weightlessness on the Avian Visuo-Vestibular System: Immunohistochemical Analysis

Principal investigator:

Toru Shimizu, Ph.D. Phone: (813) 974-0352
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Flight Information:

Flight Assignment: Euro-Mir
Responsible NASA Center: Ames Research Center

Task Description:

The purpose of the proposed research is to investigate the fundamental effects of gravity deprivation on
the visuo-vestibular system of birds. In particular, the distributions of various neurochemicals during
development will be analyzed by using immunohistochemical techniques. Brain tissues from quail
which are developed in space will be used.

Visual information plays an important role for the vestibular functions. In normal settings,
movements of the visual field or the body induce compensatory movements of the eyes and/or the head
in order to stabilize the retinal image. In the situation of no gravity, however, the visual motion is
irrelevant information to the vestibular functions. Little is known about the influence of gravity on
the neural development of the visuo-vestibular system. Is gravity a critical stimulus for the normal
development of the neural structures of the system? There are at least five major structures involved in
the visuo-vestibular interactions: 1) optic tectum, 2) accessory optic system, 3) pretectum, 4)
vestibular nuclei, and 5) vestibulo-cerebellum. Previous studies suggest that at least the following
neurochemicals exist in the visuo-vestibular structures: two types of neurotransmitters - serotonin and
gamma-aminobutyric acid; three types of enzymes - tyrosine hydroxylase, dopamine beta hydroxylase,
and choline acetyltransferase; three types of peptides - substance P, neuropeptide Y, and
cholecystokinin; and two types of calcium binding proteins - parvalbumin and calbindin. In the
proposed study, the distributions of these 10 neurochemicals in the five visuo-vestibular structures will
be studied in quail.

Because of the time and spatial limitations as well as the safety precautions in Mir, the procedures for
tissue fixation will not be ideal for histological studies. However, preliminary studies indicated that
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the fixation under such conditions produces reasonable staining results. Furthermore, in order to share
the limited number of specimens with the other principal investigators of Russia and the U.S., after the
tissues are brought back to Earth, the brains will be dissected into small pieces which will be processed
separately. This project will thus concentrate on the analysis of the forebrain whereas the lower part of
the brain will be analyzed by other principal investigators.

Two flight experiments were completed in 1995 (Mir 18 and 19). Because of technical problems with
the incubator in Mir, only a few quail embryos have been recovered from the flight experiments.
Nevertheless, data from control groups and a limited number of data from the experimental groups have
indicated that an immunohistochemical analysis can be successfully done using the brain tissues that
were fixed in space.

Twenty-seven tissue samples have been received from the lab control groups, 6 from the synchronous
controls, and 4 from the flight groups. Among them, some tissues were not well fixed at all and thus
could not be processed for a histochemical analysis. Tissues which were well fixed have been analyzed
histochemically. We have completed the analysis of 8 tissue samples, including 1 tissue sample from
the synchronous control group and 1 tissue sample from the flight group. The results of the analysis
indicate that these tissues can be stained with many neurochemicals despite the not-ideal fixation
procedures in space. In particular, calcium-binding proteins (i.e., parvalbumin, calbindin, calretinin)
were most clearly detected in all the tissues. Since these chemicals are important neuroanatomical
markers, they will be useful for detecting morphological and chemical changes in the development of
the neural system in space. The staining processes using antibodies against several calcium-binding
proteins worked very well in the tissue samples. These chemicals are closely associated with the
development of the avian neural system. Are other antibodies which are associated with neural
development also good markers? Tests will be conducted using additional antibodies (e.g., calmodulin
and neurophysician) to further the goals of the study. The results have thus far supported the use of the
tissue fixation procedures and have identified some neurochemicals which are ideal for an
immunohistochemical analysis under such procedures.

Visual deprivation may cause defective growth or development of neurons in the visual pathways and
the cortex in terms of cell morphology. connections, and chemistry, Little is known, however, about
how vestibular deprivation affects the fundamental nature of the development of the neural mechanism.
Without the experience of normal gravity, are the neural structures of the visuo-vestibular interactions
able to develop normally? Are particular cell groups more susceptible to the deprivation of gravity?
An examination of the distribution of a variety of neurochemicals during development (of both in-space
and on-Earth samples) will give an important answer to these questions.
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Task Description:

We hypothesized that a regenerative life support system can be provided in the "Spacelab Mir-1" for the
Japanese quail. We proposed to test this hypothesis with three objectives designed to determine the
effect of microgravity on 1) embryonic development initiated after the launch; 2) the fecundity of adult
quail during orbit and the assessment of their hormones and reproductive tissues after orbit; and 3) the
regeneration potential of quail in microgravity based on primordial germ cell migration and
differentiation, gametogenesis, ovulation, fertilization, embryonic development, and hatching.

The experiment proposed will provide substantial basic information about the effects of microgravity
on embryonic differentiation and development, as well as important information about adult quail
endocrinology and physiology. Many aspects of the proposed work will focus on reproduction since
this is the only path for successful animal bioregeneration in space.

A substantial amount of work was accomplished in 1995 toward Objective #1. The Mir-19 and 19
flights demonstrated adequate procedure for the delivery of fertile egg to the Mir Space Lab. Crew
tasking for incubator monitoring, embryo fixation and return of the fixed eggs by either Soyuz or
Shuttle were shown to be practical.

These two flights have clearly shown that on ground and preflight tasks were performed in a
scientifically feasible manner. The egg container used in the launch and return was adequate to
accomplish the planned mission. Also, a key component was establishing fixation bags containing
paraformaldehyde as an acceptable procedure by the PIs. The breaking of the shells during placement in
the fixative by the Mir crew was a critical step to allow proper embryo fixation. As one of the two PIs
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that travelled to the Moscow lab, Dr. Wentworth developed a greater appreciation for the requirement of
servicing the existing Mir-Lab incubation equipment and also the synchronous equipment at the ground
lab in either Russia or the United States.

We conducted critical ground experiments and developed an easily formulated 70% water gelatin based
quail diet (NASA-GEL) that contained all the required nutrients. These data demonstrated that the birds
on the NASA-GEL were able to maintain adequate hydration, and their body weight, egg production,
fertility and hatchability of fertile eggs equaled or surpassed that of the controls. This may prove to be
a more manageable system than the currently proposed liquid diet for adult quail. Also, ground
experiments are in progress to evaluate egg storage at four and 13°C in a dry and PBS environment.
Egg storage studies have not been completed at this time. Additionally ground experiments are being
conducted to determine at 1 g the effect of no turning verses turning eggs 180° every four hours on
embryogenesis through to hatching.

The results of both flights consisted of early embryonic death with only two embryos living to the
16th day of incubation. The interpretations of results were made more difficult by the fact the
synchronous control showed a similar lack of viability. Retrospective analysis of onboard flight
recording data suggests that the incubator temperature control malfunctioned and the eggs were being
incubated at 42°C instead of the programmed 37.5°C. A question that must be resolved is the inclusion
of accurate in-flight temperature and humidity recorders. A recent ground control run at the Ames Lab
suggests the problems in flight are not associated with the vibration and g force of launch.

Preliminary histological evaluation of the embryonic reproductive organs of the viable inflight
embryos suggest normal development. Critical stages of development from heat stressed embryos
appear to be at days 1, 3, and 5.

We believe that these 1995 preliminary studies pave the way for an expected highly successful flight in
March 1996 on STS-79. We look forward to the flight of adult quail, and we expect that they will lay
fertile eggs as a result of the crew performing artificial insemination.

Our experiments are designed to foster reproduction in space microgravity. Additionally we expect to
gather substantial information on basic embryonic developmental processes. This biology will have a
direct bearing on the understanding of embryogenesis and reproduction. Furthermore we expect to gain
a better interpretation about the role Earth gravity and space microgravity have on cell and tissue
migration during embryo development and differentiation. Embryonic cell migration is a primary
reproductive interest. In all vertebrates the germinal cells (future sperm and eggs) must migrate from
outside the embryo to the gonads where they will proliferate and differentiate to form spermatogonia
and cogonia. Some information may be forthcoming on the need for controlled turning during avian
embryonic development.

In trials to be done with adult quail, we will determine the normality of endocrine and physiological
processes as related to avian reproduction function in microgravity. We anticipate that with controlled
light (14 hr/ 24 hr) reproduction will be normal exceptating process. The space environment will
require that birds be artificially inseminated to obtain fertile eggs. There will be a pre-flight and post-
flight comparison of endocrine profiles of the adult quail programmed on a flight scheduled in 1996.

Additional knowledge about embryogenesis, fertilization, and endocrinology in space will have long-
term benefits to humans. The new technologies that may have benefits to other researchers are 1) the
gelatin ration (which contains both solid nutrients and total water) as well as 2) extended holding
periods for fertile eggs in a liquid environment to prevent dehydration before incubation.
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Pulmonary Function During Extended Exposure to Weightlessness (Euromir 95)
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Flight Information:
Flight Assignment: Euro-Mir-95
Responsible NASA Center: Johnson Space Center

Task Description:

The lung is extremely sensitive to gravity, and experiments we performed on Spacelabs SLS-1, SLS-2
and D-2 showed marked changes in pulmonary function in microgravity. Using the RMS-II, we will
study the distribution of ventilation and changes in rib cage and abdominal motion on one astronaut and
one cosmonaut over a 4-6 month period in ug.

As an adjunct to this study, we will study the effect of raised CO, levels on pulmonary function in 4
subjects exposed to 23 days of raised environmental CO, levels of 1.2% and 0.7%. This study will
occur in a chamber at DLR in Cologne, Germany. Note that this program is supported by travel
money only.

1) Euromir 95:
All baseline data preflight have been collected, and inflight data collection is essentially complete
(scheduled landing 2/29/96). Post flight collection is yet to occur. Equipment on orbit has functioned

well except for some problems during the later portions of the flight. Full analysis is not yet possible
as only limited data downlink is possible from Mir. Thus analysis awaits return of data from orbit.
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2) CO, Exposure:

Both exposure levels have been completed. Few changes were seen at the 0.7% level, but some
significant changes occurred at 1.2%. Data analysis is ongoing and a publication will be forwarded to
Aviation Space and Environmental Medicine in the next few months. The results are summarized in
the American Thoracic Society abstract included in this report.

The effect of long-term exposure to jg on the lung is completely unknown. Degradation of the
respiratory muscles may occur and the exposure to inhaled particles increased. This provides a unique
opportunity to study these effects on the healthy lung. The results will further the basic understanding
of human pulmonary physiology.

The long-term exposure to low levels of CO, seen in space flight and in this ground-based study should
shed light on the fundamental control of ventilation mechanisms present in man. Such knowledge is
essential in environments such as Space Station where maintenance of very low CO, levels could
become prohibitively expensive.
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Microbial Cellulose Assembly in Microgravity

Principal Investigator:

R. M. Brown, Jr., Ph.D. Phone: (512) 471-3364

Department of Botany Fax: (512)471-3573

University of Texas E-mail: rmbrown@ccwf.cc.utexas.edu
Austin, TX 78712-7640 Congressional District: TX-10

Co-Investigators:

Krystyna Kudlicka, Ph.D. University of Texas, Austin
Funding:
Project Identification: Solicitation: 93 OLMSA-05
Initial Funding Date: 8/94 Expiration: 7/95
FY 1995 Funding: $99,835 Students Funded Under Research: 0

Flight Information:
Flight Assignment: BRIC-05 (STS-70, 6/95)

Responsible NASA Center: Kennedy Space Center

Task Description:

An apparatus has been designed and tested which is suitable for transporting cells of Acetobacter into
near-Earth orbit aboard the Shuttle. The apparatus is passive and requires no intervention on the part of
the astronauts. Three independent seals assure the containment of the experiments involving liquid
media. No hazardous chemical or materials are employed and Acetobacter is non-pathogenic. If it is
necessary to put the experiment on hold prior to launch, it is possible to put both bacteria strains in
stasis in the cold for a maximum of four days without jeopardizing the experiment. In addition, the
experiments can be rapidly re-initialized if necessary. By employing two strains, each cultivated in
liquid and on solidified medium, the opportunity to observe effects of microgravity on cellulose
synthesis is increased. In addition, cultivation liquid will permit synthesis of sufficient cellulose in
orbit for a variety of post-flight physical and chemical analyses, including transmission electron
microscopy, light microscopy, NMR, and degree of polymerization.

Previous research has indicated that the structure of the cellulose ribbon biosynthesized by Acetobacter
during a flight of the NASA Reduced Gravity Laboratory was altered. However, due to the limitations
of reduced gravity research conducted at or near the surface of the Earth it was not possible to
unequivocally correlate these alterations with hypogravity. We have initiated ground-based research
exploring different cultural approaches of Acetobacter that might be used in the Biological Research in
a Canister (BRIC) system developed for space flight testing in the Shuttle middeck.

Two strains of Acetobacter were selected for ground-based work, AY-201 and NQ-5. Studies utilized
two BRIC units (120 mm diam. and 312 mm long) capable of holding nine standard size polycarbonate
Petri dishes. Petri dishes were sealed with two layers of plastic film and placed into the BRIC and
incubated at 28°C. For cultivation it was necessary to devise a means of containing the liquid medium
that would minimize agitation of the cells and hence maximize the opportunity to detect subtle
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microgravity effects on cellulose morphology. The culture system also had to be autoclavable,
lightweight, and permeable to oxygen.

Several designs were considered and tested, with the most satisfactory configuration being a disk-shaped
silicone bag secured within a polycarbonate Petri dish. Two disks (0.02 mm thick medical grade
silicone sheeting) were sealed together at their circumferences to form the bag and then suspended in a
polycarbonate Petri dish by means of two acrylic rings. The bags could then be injected with a
cel/medium mixture and mounted in a Petri dish and opened by cutting to remove the product with
minimal disturbance. Acefobacter has been successfully cultured for 7 days in this apparatus in the
BRIC system. Additional tests showed that the bacteria could be held in stasis in the system with cold
temperatures, providing a means of dealing with launch delays.
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Gravity and Bone Growth

Principal Investigator:

Emily R. Morey-Holton, Ph.D. Phone: (415) 604-5471

Mail Stop 236-7 Fax: (415) 604-3159

NASA Ames Research Center E-mail: emily holton@qgmgate.arc.nasa.gov
Moffett Field, CA 94035 Congressional District: CA-14

Co-Investigators:.

Russell Turner, Ph.D. Mayo Clinic
Funding:
Project Identification: Solicitation: 93-OLMSA-07
Initial Funding Date: 10/95 Expiration: 9/96
FY 1995 Funding: $174,075 Students Funded Under Research: 6

Flight Information:

Flight Assignment: Ground Definition
Responsible NASA Center: Ames Research Center
Flight Hardware Required: AEM

Task Description:

The original rationale for this grant was the following. Cyclic, mechanical loading is clearly a major
determinant of bone volume and bone strength. However, the molecular mechanisms involved in
translating the mechanical signal to a cellular response are not well defined and have only been
amenable to investigation with the advance of molecular techniques. Mechanical unloading of the
skeleton results in decreased bone mass and physical strength. However, within 24 hr of reloading the
cortical periosteal bone after 9d of hindlimb unloading, >250% increase in message expression for
certain bone marker proteins occurred; the response was less dramatic in cancellous bone. The response
in cortical bone cells suggests that our model can be tested in these cells using hindlimb unloading.
The response in cancellous bone cells suggests that testing the model in this cell type may produce less
conclusive results than cortical bone.

During the first grant year, two hindlimb suspension studies were completed. Although a third study
was planned, animal research at Ames was halted and prevented that study. During the period when
animal research was halted, we analyzed some remaining bones (femurs) from the SLS2 and PARE.3
experiments. Our initial conclusion from existing suspension and flight data that mRNA levels for
TGFB and bone matrix proteins from cancellous bone are not significantly influenced by reloading
following unloading was shown to be incorrect not only because of the initial standardization
problems, but also because cancellous bone responds more rapidly than cortical bone periosteum to
reloading. Following reloading after suspension, a suppression of some values is noted in the
periosteum while the cancellous bone shows increases that peak at 8hr in type I collagen (Coll), at
12hr in transforming growth factor beta (TGFB), or at 16hr in osteocalcin (OC) after reloading. The
effect on TGFB and OC in cancellous bone appears to be over within 24hr while the Coll effect is not.
However, if the data are normalized to the maximum response, then the TGFB8 response is the first to

89



II. Program Tasks — Flight Research Discipline: Ground Definition

increase, followed by Coll and OC, suggesting that the growth factor is the first signal in this
sequence. Body mass increased during the 9d experiments; no significant differences were noted between
suspended rats and their corresponding control group. If anything, suspension appeared to slightly lower
the ionic calcium without influencing pH. Over the 9d experiment, control animals showed about a 15-
20% decrease in bone mineralization rate while the suspended animals slowed their periosteal growth
rate by about 40%. No significant difference in medullary area or femoral length was noted among the
groups at any time point. In conclusion, the cancellous response is more rapid than the cortical
response to reloading. Elevation of steady state message levels in cancellous begins as early as four
hours following reloading, while the periosteal response is not apparent until about 24hr. As with the
cancellous bone, TGF8 appears to increase first followed by OC and Coll at the periosteal surface.

During the first grant year, two hindlimb suspension studies were completed. Although a third study
was planned, animal research at Ames was halted from 3/23/95 until 6/7/95 and prevented that study.
During the period when animal research was halted, we analyzed some remaining bones (femurs) from
the SLS2 and PARE.3 experiments. The studies focused on the response of cancellous and cortical
bone marker proteins and growth factors during the first 24hr of reloading after a 9d unloading period.
We found that cancellous bone dose respond to reloading and, in fact, responds more rapidly than
cortical bone (see abstract). We found suggestions that the initial stimulus may be TGFB followed by
elevation of mRNA of proteins indicative of matrix formation (Col I) and then by indicators of bone
mineralization (OC). Because of these data, a study focusing on clarifying the response in cancellous
bone between two and 12 hours following a 9d suspension is planned; this experiment will also
investigate message levels of the proto-oncogenes.

The musculoskeletal system is adapted to the cumulative influence of forces generated by muscles and
body weight which are imposed on bone during normal daily activity on Earth. The bone tissue
architecture reflects both the past and current loading history as well as metabolic and genetic
influences. The levels of force and patterns of loading differ greatly in different regions of the skeleton
and among individuals. When the typical patterns of loading are altered by space flight,
immobilization, or exercise, the rate and magnitude of skeletal adaptation varies according to the change
in skeletal loading and intrinsic factors.

Cyclic, mechanical loading is clearly a major determinant of bone volume and bone strength.
However, the molecular mechanisms involved in translating the mechanical response to a cellular
response are not well defined and have only been amenable to investigation with the advance of
molecular techniques. Mechanical unloading of the skeleton results in decreased bone mass and
physical strength. However, reloading the skeleton after 9d of mechanical unloading in young rats
suggests that greater than a 300% increase in message for certain bone marker proteins occurs within
24hr . The remarkable increase in message production suggests that upstream molecular events
associated with bone formation possibly may be mapped out using the rat suspension model of
unloading the hindquarters. The detailed investigations of in vitro molecular events and bone markers
provide the starting points and timing for these in vivo studies. The significance of these studies will
be an extension of our understanding of the basic mechanisms associated with activation of bone
formation in vivo and the sequence of molecular events following different loading regimes. If the
hypothesis that increased mechanical loading stimulates osteoblast cells with activation of specific
oncogenes (e.g., c-myc, c-jun, or c-fos) that, in turn, increases the message and tissue levels of specific
bone markers (i.e., TGF-B, collagen type I, osteocalcin) leading to increased production, maturation,
and mineralization of the organic matrix is valid, then it should be possible to bypass the mechanical
signal in an unweighted bone or skeleton by regulating the levels of the signaling molecules normally
induced by loading. Thus, the proposed research has implications beyond the immediate scope of this

proposal.
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Publications, Presentations, and Other Accomplisnments:

Bikle, D.D., E.R. Morey-Holton, S.B. Doty, P.A. Currier, S.J. Tanner, and B.P. Halloran
*Alendronate increases skeletal mass of growing rats during unloading by inhibiting resorption of
calcified cartilage.” J. Bone Min. Res., 9, 1777-1787 (1994).

Bikle, D.D., J. Harris, B. Halloran, and E. Morey-Holton "Skeletal unloading induces resistance to
insulin-like Growth Factor 1. J. Bone Min. Res., 9, 1789-1796 (1994).

Bikle, D.D., J. Harris, B. Halloran, and E. Morey-Holton "Altered skeletal pattern of gene expression
in response to space flight and hindlimb elevation.” Am. 1. Physiol., 267, E822-7 (1994).

Bikle, D.D., I. Harris, B.P. Halloran, P.A. Currier, S. Tanner, and E. Morey-Holton "The molecular
response of bone to growth hormone during skeletal unloading: regional differences.” Endocrinology,
136, 2099-2109 (1995).

Bikle, D.D., L. Komuves, J. Harris, E. Morey-Holton, R. Nissenson, G. Strewler, and B.P. Halloran
*(Abstract) Immunolocalization of parathyroid hormone related peptide (PTHrP) and its receptor in the
growth plate: Effect of unloading.” ASGSB Bull., 9, 33 (1995).

Doty, S.B., A. Boskey, 1. Binderman, R K. Globus, and E. Morey-Holton "(Abstract) The effect of
space flight on bone and cartilage cell differentiation.” 5th International Conference on Mineralized
Tissues, October 22, 1995.

Durnova, G.N., A.S. Kaplansky, and E.R. Morey-Holton "Histomorphometric studies of the SLS-2
rat tibia.” J. Appl. Physiol., (revised and resubmitted).

Halloran, B.P., D.D. Bikle, J. Harris, C.P. Autry, P.A. Currier, S. Tanner, P. Patterson-Buckendahl,
and E. Morey-Holton "Skeletal unloading induces selective resistance to the anabolic actions of
growth hormone on bone.” J. Bone Min. Res., 10, 1168-1176 (1995).

Halloran, B.P., D.D. Bikle, J. Harris, S. Tanner, and E. Morey-Holton "(Abstract) Parathyroid
hormone increases trabecular bone but has no effect on periosteal bone formation during skeletal
unloading.” ASGSB Bull, 9, 33 (1995).

Malouvier, A. and E. Morey-Holton "(Abstract) Effects of hypergravity on isolated cells." ASGSB
Bull,, 9, 67 (1995).

Malouvier, A., R.K. Globus, S. Doty, J. Lull, and E. Morey-Holton "(Abstract) Gravity regulates
glucose and lactate metabolism in cultured osteoblasts.” ASGSB Bull., 9, 28 (1995).

Morey-Holton, E.R., and S.B. Amaud "The Role of Nutrition in the Changes in Bone and Calcium
Metabolism during Space Flight." 32nd Annual Congress of the Japanese Society for Surgical
Metabolism and Nutrition, Tokyo, July 19, 1995, pp. 1-6.

Morey-Holton, E.R., M.C. van der Meulen, R.T. Whalen, and S.B. Amaud "The skeleton and its
adaptation to gravity. In: Handbook of Physiology: Environmental Physiology, Part IIl: “The
Gravitational Environment”, Section 1: “Microgravity”, Chapter 31." Edited by: C.M. Blatteis and
M.J. Fregly. New York City, NY, Oxford University Press, pp 691-719, in press.

Van der Meulen, M.C.H., E.R. Morey-Holton, and D.R. Carter "Hindlimb suspension diminishes
femoral cross-sectional growth in the rat." J. Orthopaed. Res., 13, 700-707 (1995).
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Van der Meulen, M.C.H., G.S. Beaupre, E.R. Morey-Holton, and D.R. Carter "Modeling diaphyseal
changes during growth and adaptation. In: Second World Congress of Biomechanics.” Edited by: H.
Weinans World Scientific Publishing, Singapore, vol. 2, pp 10-15, 1995.

Vico, L., S. Ohiami-Masseron, M.H. Lafage, A. Malouvier, N. Laroche, C. Alexandre, N. Daunton,

and E. Morey-Holton "(Abstract) Differential effects of time exposure to 2-g centrifugation on rat
cancellous bone." J. Bone Min. Res., 10 (Suppl. 1), $346 (1995).
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Gravity-Induced Changes in Gene Expression in Arabidopsis

Principal Investigator:

Anireddy S. Reddy, Ph.D. Phone: (970) 491-5773

Department of Biology Fax: (970) 491-0649

Center for Engineering Infrastructure and E-mail: reddy@lamar.colostate.edu
Sciences in Space Congressional District: CO-4

Colorado State University
Fort Collins, CO 80523

Co-Investigators:

Donald L. Mykles, Ph.D. Colorado State University
Willy Z. Sadeh, Ph.D. Colorado State University
Funding:
Project Identification: Solicitation: 93-OLMSA-05
Initial Funding Date: 11/95 Expiration: 12/96
FY 1995 Funding: $99,806 Students Funded Under Research: 4

Flight Information:
Flight Assignment: BRIC-07 (STS-77, 1996)

Responsible NASA Center: Kennedy Space Center

Task Description:

The investigation proposed will attempt to identify the genes involved in gravity signal perception and
transduction. The objectives include: to study changes in translatable mRNA, to isolate genes that are
regulated by gravity, and to analyze the expression of genes which have known roles in calcium-
mediated signal transduction pathways.

Gravity plays an important role in the normal growth and development of plants, especially in
orienting roots and shoots. However, the molecular mechanisms by which plants sense and transduce
the gravity signal are poorly understood. A study to investigate the effects of reduced gravity on gene
expression has been initiated using Arabidopsis as a model system. This study involves growing
Arabidopsis seedlings on Earth and in a canister on the Shuttle as a Biological Research in a Canister
(BRIC) experiment and analysis of gravity-induced changes in gene expression. RNA isolated from
seedlings grown under terrestrial gravity and in microgravity will be used for differential display to
detect gravity-regulated changes in gene expression and to isolate the affected genes. To ensure an
efficient BRIC experiment, a series of ground-based studies are being conducted. These studies are
designed to determine: 1) the ideal seed density to obtain enough plant tissue from a single canister; 2)
optimal germination surface for tissue recovery after freezing in liquid nitrogen; 3) yield and quality of
mRNA from small amounts of tissue; 4) time point to freeze the seedlings; and 5) changes in gene
expression that may be caused by stresses such as hypergravity and vibrations produced during launch.
Ground-based studies indicate that up to 10,000 seeds could be germinated on a 100 mm diameter Petri
plate. It was found that the nylon membrane is the best surface for the recovery of plant material after
freezing. Results from tissue recovery studies indicate that about 20 to 40 g of tissue can be obtained
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from Petri plates that fit in a single canister depending on the seedlings stage at the time of freezing.
Fifty different RNA isolations using 0.2 to 0.5 g of seedlings indicate that 0.5 mg of total RNA can be
obtained per gram of tissue indicating the amount of RNA that would be obtained from a single
canister will be sufficient to carry out the proposed differential display experiments. Reverse
transcription polymerase chain reaction experiments with the isolated RNA suggest that the RNA from
the seedling is of good quality and suitable of RT-PCR and differential display. The results of the
ground-based studies have not only provided important results that are used in designing the
forthcoming BRIC experiments but also indicate the feasibility of the experiment. The BRIC
experiment should help better understand the effects of gravity of gene regulation and provide insights
into the molecular mechanism(s) by which gravity influences aspects of plant growth.

These studies will help us understand how plants perceive and respond to gravity signals.
Publications, Presentations, and Other Accomplishments:

Reddy, ASN, DS Nabel, DL Mykles, WZ Sadch, RM Wheeler "A ground-based study in preparation
for a shuttle experiment." ASGSB Bulletin, 9, 80 (1995).
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Bed Rest Study (ground based for LMS)

Principal Investigator:

Sara B. Arnaud, M.D. Phone: (415) 604-6561

Mail Stop SLR 239-11 Fax: (415) 604-3954

NASA Ames Research Center E-mail: sara_arnaud @gmgate.arc.nasa.gov
Moffett Field, CA 94035-1000 Congressional District: CA-14

Co-Investigators:

Dr. Dee O'Hara, R.N. NASA Ames Research Center
Dr. Adrian LeBlanc, Ph.D. Baylor College of Medicine
Dr. John West, Ph.D. University of California, San Diego
Dr. Reggie Edgerton, Ph.D. University of California, Los Angeles
Dr. Millard Reschke, Ph.D. NASA Johnson Space Center
Dr. Christopher Cann, M.D. University of California, San Francisco
Dr. Paolo Cerretelli, M.D. Universite de Geneve, CMU
Dr. Pietro diPrampero, M.D. Universita degli Studi di Udine
Dr. Peter Tesch, Ph.D. Karolinska Institute
Dr. Robert Fitts, Ph.D. Marquette University
Funding:
Project Identification: 199-97-62-16 and 106-30-32 Solicitation: AO-OSSA-84
Initial Funding Date: 1/95 Expiration: 9/95
FY 1995 Funding: $600,000 Students Funded Under Research: 7

Joint Participation: ESA

Flight Information:
Flight Assignment: LMS, (STS-78, 1996)
Responsible NASA Center: Ames Research Center

Task Description:

LMS will be the first Spacelab mission involving human research experiments to perform a ground-
based integrative science study before the flight. The study will be performed in NASA's Human
Research Facility at Ames Research Center, Moffett Field, California, to provide a simulation of the
human life science experiments, Human volunteers will participate in the bed rest studies. This
simulation of space flight mimics the effects of microgravity on the Shuttle/Spacelab crews; for
example, there are similar fluid shifts and loss of muscle, bone size and strength. The ground based
study has the added benefit of optimal environmental controls and provide twice the number of research
subjects.

The volunteers lie on inclined beds with their feet elevated 6° above their heads, a position that causes
changes to many organ systems similar to the physiologic changes experienced by astronauts during
space flight. During a control period of 2 weeks, subjects will provide pre- bed rest baseline data.
Following the timeline of the mission, they will then have 17 days of bed rest, followed by an
ambulatory 2-week recovery period. Subjects of the bed rest study will participate in 12 of the
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experiments to be performed on the LMS crew during the mission. By performing these investigations
together on the ground, researchers hope to identify how one experiment is affected by another
experiment. In addition, results of the study may have direct applications to people who become more
inactive here on Earth.

The ground-based pilot study has been completed. Dates of performance were June 30, 1995 - August
28, 1996. The main results were the development of a workable schedule for 4 muscle testing
experiments, revisions in 3 experiments planned for flight, the acquisition of reportable data in 11
experiments planned for the mission and identification of interactive effects of 2 experiments on 2
others. Information conveyed by bed rest subjects to astronauts is expected to facilitate the experiments
in flight.

The information gathered during the pilot study for the LMS mission focused on musculoskeletal
function, energy metabolism, circadian thythms and central nervous system performance (mentation as
well as neuromuscular). The research studies are expected to yield new information in all 3 areas which
have relevance to normal people with inactive lifestyles and/or patients with disease-mandating bed rest.
To date the importance of fluid balance to energy metabolism and muscle wasting is presented with
new information.

Publications, Presentations, and Other Accomplishments:

Grichko, V.P. and Fitts, R.H. "Effect of 17 days of bedrest on the enzyme and metabolite profile of
the slow type I fiber.” Med. Sci. Sports Exerc., 1995,

Trappe, T.A., Trappe, S.W., Costil, D.L., Fitts, R.H. "Time course of cardiorespiratory
deconditioning with 17 days of.6 deg head down tilt bed rest.” Med. Sci. Sports Exerc., 1995.

Widrick, J.J., Romatowski, J.G., Blaser, C.A., Norenberg, K., Costill, D.L., Fitts, R.H. "Peak force
and maximal shortening velocity of soleus muscle fibers after 17 days of bedrest." Med. Sci. Sports
Exerc., 1995.

Widrick, J.J., Sherwood, J., Bangart, J.J., Costill, D.L., Fitts, R.H. "Isotonic contractile properties of
soleus muscle fibers after 17 days of bedrest.” Med. Sci. Sports Exerc., 1995.
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Direct Measurement of the Initial Bone Response to Spaceflight in Humans

Principal Investigator:

Christopher E. Cann, Ph.D. Phone: (415) 476-5026

Physics Research Laboratory Fax: (415) 742-0146

University of California, San Francisco E-mail: chris_cann@imatron.com
389 Qyster Point, Suite 1 Congressional District: CA-12

San Francisco, CA 94080
Co-Investigators:

Claude D. Arnaud, M.D. University of California, San Francisco
Funding:

Project Identification: E074 Solicitation: AO-OSSA-84

Initial Funding Date: 7/92 Expiration: 8/97

FY 1995 Funding: $103,878 Students Funded Under Research: 0

Flight Information:
Flight Assignment: LMS, (STS-78, 1996)

Responsible NASA Center: Johnson Space Center

Task Description:

The skeleton constantly is being broken down and rebuilt, with the processes normally occurring at
equal rates. Space flight upsets this equilibrium, and the resulting imbalance between breakdown and
reformation could cause lasting changes, even during a short-duration mission. The net cumulative
effect of multiple short-term flights may, in fact, be similar to that of extended exposure, creating
concern for the health of astronauts who currently fly multiple short missions or who will be involved
in the assembly phase of the international space station. This experiment is designed to interpret long-
term effects of microgravity, based on each astronaut's individual in-flight response to the short-term
exposure to space.

At each meal from 10 days before the mission to 7 days after, crew members will ingest an oral tracer,
a nonradioactive (stable) isotope of calcium, to distinguish calcium coming from the diet from that
being resorbed from bone. Measuring the isotope ratios of calcium in blood, urine, and fecal samples
taken before, during, and after the mission will allow investigators to determine directly the change
induced by space flight in the calcium coming from bone. They also will be able to determine how
each individual adapts to this inflight change in bone resorption. All food, drink, and drug intake will
be logged. This experiment will be the first to study metabolic balance in space since the Skylab
studies of 1973-74, ‘ |

During FY95, a ground-based bed rest simulation study will be done according to the flight protocol (as

much as possible), to provide data on the interaction of the various experiments manifested for flight
and to provide a ground-base set of reference data with which to compare the flight results.
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A major objective of this project is to determine early (4 hour) changes in the calcium homeostatic
system in space flight. This requires blood and urine sampling early in flight, including processing and
freezing of blood samples. As the primary experiment on LMS using blood samples, we tested a new
blood sampling system to determine if changing the system used on SLS-1 and SLS-2 would affect our
results and ability to compare data with the earlier flight data. We conducted a large number of tests
using previously-qualified Corvac flight tubes (used for SLS-1/2) and the blood sampling system
proposed for LMS (a plastic collection system manufactured by Terumo). We also did a number of tests
with the new thermoelectric cooling/freezing module to be flown on LMS as a replacement for the
LSLE refrigerator used on SLS-1/2 (LSLE R/F being flown in freezer mode on LMS).

In addition to flight-specific hardware technical issues, a number of technical issues related to the
measurements to be made were also addressed. We were able to qualify a new assay for bone-specific
enzymes to provide additional scientific return from the serum samples we already plan to obtain from
the flight with no reduction in science return from our other measurements. This was done by
qualifying a new assay for 1,25-dihydroxyvitamin-D using a lesser amount of serum. These assay tests
were done originally on test samples from normal subjects in the lab, and then were used for analysis
of the samples from the bed rest study as a prelude to the flight. We also identified a specific
interference in one of our assays done for SLS-2, where an agent (PAH) given for the renal studies
produced excessive excretion of deoxypyridinoline, a bone collagen breakdown product which we use to
quantify bone resorption. For LMS, this agent will not be used so there will not be any interference,
but we were able to adjust our SLS-2 data to compensate for this interference and increase the
confidence in our results from this flight.

During FY95, a bed rest simulation of the LMS mission was conducted at Ames Research Center, with
all LMS investigators participating. While the protocol did not reflect exactly the flight timeline, it
provided a good simulation of the procedures and interactions to be expected in flight. The preliminary
results of this bed rest study are incorporated in a report sent to ARC.

The preliminary results obtained from the 17-day bed rest study indicate that the parameters chosen to
be measured during the LMS mission show changes even during a ground-based simulation, with the
ground-based results showing a comparatively smaller response than what would be expected in space
flight. There are still some differences noted between bed rest and previous space flight results, clearly
of a quantitative nature and perhaps of a qualitative nature as well. However, using the anticipated flight
timeline for this bed rest study did not uncover any interactions with other experiments which would be
expected to significantly influence our results and therefore compromise the outcome of our
experiment.

The study we propose to do for LMS addresses a number of issues directly relevant to the study of
osteoporosis on Earth. The issues are both technical and scientific. Our efforts to develop microassays
capable of making a significant number of measurements on small blood samples can be expanded to
the clinical evaluation of patients with osteoporosis, as well as pediatric patients with disorders of
calcium metabolism. We have worked for several years to optimize a method to measure calcium
absorption and bone calcium turnover using stable calcium isotopes, and this methodology has been
refined to the point that we are close to developing a clinical assay for these parameters at a fraction of
the thousands of dollars these tests now cost. This will add significantly to the evaluation of calcium
metabolism in patients with osteoporosis and especially in other metabolic disorders of calcium.

One of the major scientific outcomes of our flight study will be the ability to predict, in individuals,
the effect of a transient stimulation of bone remodeling on the later status of the skeleton. The long-
term effects of repeated short-term exposure to a skeletal stimulus cannot at present be predicted
accurately, and the correlated data we will obtain from this study will allow us to develop a model to do
this, not only for repeated exposure to space flight, but also to exposure to other factors. The current
direction of research into the clinical treatment and prevention of osteoporosis is in the modification of
skeletal responses to various stimuli, whether they be pharmacologic or endogenous stimuli. The
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ability to predict long-term skeletal outcomes from short-term studies would be of tremendous value in
evaluation of potential therapies for patients, and especially in individualizing treatment regimens. One
aspect of this research which we may be able to address with space flight studies is the possibility that
we can modify membrane permeabilities in the body under certain conditions, which would open new
areas for research in therapeutics and drug delivery. While this is speculative, its possible wide
application not only in osteoporosis but in oncology, hematology and other fields may make it a
fruitful area of investigation in the future.
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Relationship of Long-Term Electromyographic (EMG) Activity and Hormonal Function to Muscle Atrophy
and Performance

Principal Investigator:

V. R. Edgerton Phone: (310) 825-1910
Physiological Science Department Fax: (310) 206-9184

2301 Life Sciences E-mail: vre@ucla.edu
University of California, Los Angeles Congressional District: CA-27
405 Hilgard Avenue

Los Angeles, CA 90095-1527
Co-Investigators:

Dr. John Hodgson University of California, Los Angeles
Dr. Roland Roy University of California, Los Angeles
Dr. Richard Grindeland NASA Ames Research Center
Dr. Malcolm Cohen NASA Ames Research Center
Dr. Mike Greenisen NASA Johnson Space Center
Funding:
Project Identification: E036 Solicitation: AO-OSSA-84
Initial Funding Date: 7/92 Expiration: 4/97
FY 1995 Funding: $299,463 Students Funded Under Research: 15

Flight Information:
Flight Assignment: LMS, (STS-78, 1996)
Responsible NASA Center: Johnson Space Center

Task Description:

Degradation in skeletal muscle function associated with space flight may be caused, at least partially,
by altered motor function. This experiment tests the hypothesis that the inactivity of muscles in space
modifies a person’s ability to control movement. It also tests the body’s ability to secrete chemicals
that can protect against muscle atrophy and weakness.

The experiment has four segments: a 24-hour EMG test, a torque-velocity/motor-control task, a fatigue
test, and an endocrine response to exercise activity. The 24-hour EMG test will identify the subject's
muscle activity levels during routine activity, measuring electrical impulses through 12 electrodes
placed on 5 muscles on the right leg and arm. Once during each of the three 24-hour tests, each
payload crew member will perform movements of the right leg and arm, using the Torque Velocity
Dynamometer to determine levels and patterns of EMG activity at maximum and submaximum levels
of effort. Also, in this second segment of the experiment, subjects test their ability to apply pressure
by compressing a hand-grip dynamometer, a device that measures grip strength. These tests will
provide information on the strategies of the nervous system to regulate controlled muscular activity and
on how the microgravity environment modifies these neural strategies. The results also may reveal the
importance of muscle use in the learning and forgetting of motor skills and may shed light on whether
unstressed muscles and their neural networks compensate appropriately so that they regain the ability to

100



II. Program Tasks — Flight Research Discipline: LMS

move precisely or to maintain the appropriate postures in Earth's gravity and a microgravity
environment.

The effects of space flight on the fatigability of the ankle extensors (calf muscles) will be tested by
having crew members perform a series of repetitive submaximal and then maximal isometric
contractions. Both the torque of the ankle (force output) and the electrical activity (EMG) of the ankle
extensors will be measured throughout the fatigue tests. These data will provide an indication of the
relative importance of neural, as compared to muscular, fatigue, helping to explain changes in motor
performance, as well as how the gravitational environment affects these responses.

The final component of this investigation is designed to test hormonal response to the fatigue test.
The hormone of primary interest for this test is growth hormone, which will be measured from venous
blood samples taken from the arm. During the mission, the tests will be performed twice, once early
in the mission and once toward the end of the mission.

On-orbit results will be compared with pre- and postflight data to determine the effects of microgravity
on the level of muscle activity, ability to control muscles, and capacity to secrete growth hormone.

E036 experiment was designed to determine the relationship between hormonal levels, global
electromyographic (EMG) activity of a muscle and motor in healthy men before, during and after 17
days of bed rest. In the present paper, the authors looked more specifically at how muscle unloading
during bed rest respectively influenced 1) muscle activation, 2) motor control, and 3) growth hormone
release.

Effect of bed rest on 24-hour EMG activity

It was previously reported in animal studies that unloading with hindlimb suspension resulted in a
short term reduction in the EMG activity of the ankle extensors, the soleus (SO) and gastrocnemius
medialis (GM), and an increase in activity of their antagonist muscle, the tibialis anterior (TA).
Moreover, the recruitment pattern of the SO and GM were altered during unloaded condition. In normal
load bearing activity, the SO is recruited during both postural and low level activity whereas the GM
muscle is activated mainly during activities requiring higher force-velocity outputs. During unloading,
activity in GM is seen in the absence of soleus activity. The objectives of the 24 hour EMG recording
were thus 1) to assess the level of activation of postural and non-postural muscles during normal
activity and during prolonged bed rest, and 2) to investigate the recruitment pattern of slow and fast
ankle extensors. EMG activity of the SO, GM, TA, Biceps Brachii (BB), and Triceps Brachii (TB)
muscles were recorded for 24 hour periods pre, during and post 17 days of 6° incline bed rest.

The experiment was divided into a lower limb portion, examining torque and EMG measurements from
ankle dorsiflexors and plantarflexor muscles, and an upperlimb portion examining torque and EMG
measurements from elbow flexor and extensor muscles. Muscle contractions were isometric for all
measurements reported in the present study. In the four functional muscle groups studied
(plantarflexors, dorsiflexors, elbow flexors, and extensors), no significant effect of bed rest on the
perception of muscle output was found. No significant change in the slope or y-intercept, nor in the
correlation coefficient, of this relationship was found in a comparison of bed rest and control/recovery
testing. It was concluded that perception of muscle output was not affected by bed rest in this study
group. A somewhat surprising finding in this study was the remarkable acuity, in all subjects, of
muscle output perception across the entire muscle output range. These findings emphasize the
important question of whether or not the high level of muscle output discrimination would be lost or
altered in microgravity. '

Changes in hormone response to muscle activity during bed rest

The fatigue test involved a series of unilateral isometric plantar flexions and included 4 maximal
voluntary contractions (MVC), 48 contractions at 30% MVC, and 12 contractions at 80% MVC all
performed at a 4:1 s work:rest interval. Additional motor control testing preceded the fatigue test.
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Blood was collected for hormonal analysis prior to motor control tests and immediately following the
fatigue test. Growth hormone (GH) measured by radioimmunoassay was unaffected by the fatigue test
during all testing periods. However, a hypophysectomized rat GH bioassay of tibial cartilage growth
indicated a significant increase (p<0.05) of tibial growth factor (TiGF; pg - L") following the fatigue
test (Conl 2146 + 192 to 3565 £ 197; Con2 2162 + 159 to 4161 + 204; Fig. 4). This TiGF
response was absent at BR1 and significantly decreased (p<0.05) by BR2 (2433 + 185 to 2105 £ 106)
and BR3 (2594 £ 211 to 2085 £ 109). By Rec3, the TiGF response had returned (1881 £ 75 to 4160
% 315). Testosterone and thyroid hormones (T3 and T4) were unchanged during all testing periods. In
conclusion, the release of TiGF in response to a fatigue test was inhibited during bed rest, but had
returned by 10-11 days of recovery.

This project has 4 segments addressing problems related to neuromuscular diseases as well as the
problem of muscle atrophy as occurs in response to space flight. Further, these studies contribute to
our understanding of the control of movement in the unique space flight environment and has
considerable bearing on the control of movement, such as standing and maintaining upright posture in
the aging population. The proposed research should give us a considerable clearer understanding of the
physiological signals which may contribute to the maintenance of muscle mass. For example, the
activity levels in muscles of the arms and legs will be monitored during normal activities at normal
gravitational loading as well as in the microgravity environment. These data should indicate the
importance of activity in maintaining normal mass and functional properties of flexor and extensor
muscles. The role of activity of specific muscles in maintaining normal levels of control of movement
also will be determined. One of the major advantages of the proposed experiments in efforts to
understand basic biological processes is that the normal neuromuscular system will be studied in an
abnormal physiological environment, i.e., the altered function is caused by an altered environment, not
an altered capability of the physiological system being studied as would be the case with surgical or
pharmacological manipulation.

Another phase of the proposed experiments addresses a fundamentally new biological process
previously undiscovered. We have found that muscle spindle receptors can stimulate or inhibit the
release of growth hormone factors. Further, these receptors seems to become less efficacious with bed
rest and we hypothesize that similar effects will be caused by chronic exposure to space flight.

Each phase of these experiments have important implications on the optimization of rehabilitative care
in addressing problems related to neuromuscular dysfunction as well as some aspects of hormonal
function. These results could have a fundamental and large impact on currently excepted approaches to
the rehabilitation of a number of medical conditions in which a person remains in bed for prolonged
periods, in individuals with compromised neuromuscular systems and in the aging population.

Publications, Presentations, and Other Accomplishments:

Allen, D.L., Monke, S.R., Talmadge, R.J., Roy, R.R. and Edgerton, V.R. "Plasticity of myonuclear
number in hypertrophied and atrophied mammalian muscle fibers.” J. Appl. Physiol., vol. 78, no. 5,
1969-1976 (1995).

de Leon, R., Hodgson, J.A., Roy, R.R,, and Edgerton, V.R. "Extensor- and flexor-like modulation
within motor pools of the rat hindlimb during treadmill locomotion and swimming.” Brain Research,
654, 241-250 (1994).

Edgerton, V.R. and Roy, R.R. "Neuromuscular adaptations to actual and simulated spaceflight. In:
Handbook of Physiology.” Edited by: Fregly, M.J. and Blatteis, CM. Oxford University Press, pp
721-763, 1995.

Edgerton, V.R. and Roy, R.R. "Neuromuscular adaptations to actual and simulated spaceflight.
Chapter 32 in: Handbook of Physiology-Environ Psysiol.” pp 721-763, In Press.
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Edgerton, V.R,, Bodine-Fowler, S., Roy, R.R,, Ishihara, A., and Hodgson, J.A. "Neuromuscular
adaptation. In: Handbook of Physiology. Integration of Motor, Circulatory and Metabolic Control
During Exercise. Section A: Neural Control of Movement, 1995." In Press.

Edgerton, V.R., Zhou, M-Y., Ohira, Y., Klitgaard, H., Jiang, B., Bell, G. Harris, B., Saltin, B.,
Gollnick, P.D., Roy, R.R.,, Day, M.K. and Greenisen, M. "Human fiber size and enzymatic properties
after 5 and 11 days of spaceflight." J. Appl. Physiol., vol. 78, no. 5, 1733-1739 (1995).

Grindeland, R.E., Roy, R.R., Edgerton, V.R., Grossman, E.J., Mukku, V.R., Jiang, B., Pierotti,
D.J., and Rudolph, I. "Interactive effects of growth hormone and exercise on muscle mass in suspended
rats.” Am. J. Physiol., 267, R316-R322 (1994).

Hodgson, J.A,, Roy, R.R,, de Leon, R., Dobkin, B., and Edgerton, V.R. "Can the mammalian
lumbar spinal cord learn a motor task?" Med. Sci. Sports Exerc., 26 (12), 1491-1497 (1994).

Ohira, Y. and Edgerton, V.R. "Neuromuscular adaptation to gravitational unloading or decreased
contractile activity." Adv. Exerc. Sports Physiol., 1 (1), 1-12 (1994).

Ohira, Y., Yasui, W, Kariya, F., Wakatsuki, T., Nakamura, K., Asakura, T., and Edgerton, V.R.
"Metabolic adaptation of skeletal muscles to gravitational unloading." Acta Astronautica, 33, 113-117
(1994).

Talmadge, R.J., Roy, R.R., Bodine-Fowler, S.C., Pierotti, D.J., and Edgerton, V.R. "Adaptations in
myosin heavy chain profile in chronically unloaded muscles." Basic Appl. Myol,, vol. §, no. 2, 117-
137 (1995).

Tseng, B.S., Kasper, C.E., and Edgerton, V.R. "Cytoplasm to myonucleus ratios and succinate
dehydrogenase activities in adult rat slow and fast muscle fibers." Cell Tiss. Res., 275, 39-49 (1994).

Zhou, M-Y ., Klitgaard, H., Saltin, B., Roy, R.R., Edgerton, V.R., and Gollnick, P.D. "Myosin
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5, 1740-1744 (1995).
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Effect of Weightlessness on Human Single Muscle Fiber Function

Principal Investigator:

Robert H. Fitts, Ph.D. Phone: (414) 288-7354
Department of Biology Fax: (414)288-7357
Marquette University E-mail: fittsr@umsa.csd.mu.edu
Wehr Life Sciences Building Congressional District: WI-5

P. O. Box 1881

Milwaukee, WI 53201-1881
Co-Investigators:

Dr. David L Costill Ball State University
Dr. Scott Trappe Ball State University
Funding:
Project Identification: E920 Solicitation: AO-OSSA-84
Initial Funding Date: 7/92 Expiration: 4/97
FY 1995 Funding: $200,000 Students Funded Under Research: 4

Flight Information:
Flight Assignment: LMS, (STS-78, 1996)
Responsible NASA Center: Johnson Space Center

Task Description:

This experiment investigates the cellular causes of muscular atrophy and weakness in space.
Investigators will establish the extent to which changes in cell function affect skeletal muscle function
and performance, as well as the time course for any such changes. The results of assessing the work
capacity of individual muscle fibers as well as intact muscle groups will contribute to a better
understanding of microgravity-induced muscle atrophy and help refine existing countermeasures against
the deleterious effects of weightlessness on human muscle performance. An increased understanding of
the cellular processes involved in muscle wasting also may be relevant to scientists concerned with the
processes of aging.

Specifically, the science team will study the relation of oxygen consumption (V0,) to muscle function
and performance. Oxygen uptake and energy expenditure are closely related. When slow-twitch
muscles are exercised, they rely primarily on an aerobic process (one requiring oxygen) to extract the
energy stored in carbohydrates, fats, and proteins. Fast-twitch fibers are more dependent on energy
produced by the anaerobic breakdown of stores of glycogen. If a human's maximal oxygen uptake
capacity declines in space, the slow-twitch muscles may not be as efficient because of their increased
dependence on anaerobic energy sources.

The experiment has three components: cardiovascular exercise testing, leg muscle (right calf) testing,
and muscle biopsy. In the cardiovascular exercise element, investigators will compare preflight, in-
flight, and postflight measurements of each payload crew member's capacity to take oxygen into the
body (the maximum oxygen uptake) to determine any changes in uptake capacity. Muscle testing will
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evaluate how well the right calf muscles contract and how long they can work before tiring. Finally,
scientists will obtain biopsies of crew members' muscle tissue. Physiological and biochemical assays
of single fibers isolated from the biopsies will disclose any changes that may have occurred at the
cellular level.

In FY95, we conducted two support studies: 1. A bed rest study designed to mimic the test sequence of
the LMS flight,. and 2. A unilateral lower leg suspension study in which we demonstrated the need to
prevent post-flight activity (walking or any type of exercise) before obtaining the muscle biopsies. The
main results of these studies are summarized here.

Bed Rest Study,

1. The slow type I fibers showed a small (5%) but significant decline in fiber diameter.

2. There was no significant change in the fiber type distribution in the soleus.

3. Fiber force showed a small but significant decline which was explained by the reduced fiber size.
4. Fiber stiffness declined while the force/stiffness ratio increased. This suggests that the spacing
between the filaments increased as a result of selective loss of contractile proteins. The EM resulits
support this conclusion.

5. The maximal shortening velocity increased and, since there was no change in the myosin heavy
chain, we conclude that the velocity increase was caused by the increased filament spacing, and by an
increased expression of the myosin light chain 3.

6. Peak power significantly declined and this can be attributed to the reduced force as the velocity at
any given load increased.

7. The enzymes involved with glycogen synthesis and metabolism increased.

8. Fiber glycogen and lactate increased. The increased glycogen was observed in all subjects and the
biochemical analysis was confirmed by EM which showed increased glycogen particles.

Unjlateral Lower Leg Suspension (ULLS) Study,

It has been proposed that ULLS may be an appropriate ground-based model with which to study non-
weight bearing induced alterations in human muscle function. We utilized this model to determine
whether or not post-flight reloading could be expected to induce muscle damage. If damage was
observed, this would make a strong case for obtaining the post-flight muscle biopsies before reloading,
walking or performing any type of exercise. We observed the following results.

1. ULLS induced significant decreases in the type I fiber diameter and the peak isometric force.

2. The type I fiber peak tension (force/CSA) remained unchanged.

3. In contrast to bed rest, the ULLS did not cause an increase in the type I fiber maximal shortening
velocity (Vo).

4. The peak power of the slow type I fiber was reduced by 30%, and this change was entirely due to
the reduced force generating capacity of the fiber.

5. The ULLS caused some disorganization of the myofibril structure, and following 6 hours of
reloading the disruption increased and many fibers showed cellular debris indicating fiber damage.

6. These results document the necessity to prevent post-flight reloading before obtaining the post-
flight biopsy.

A major goal of this research is to elucidate the functional changes associated with zero g-induced
muscle wasting, and to use this information in the development of effective exercise countermeasures.
The program is essential to our ability to explore the universe and work successfully in space. Stated
another way, we simply can not embark on long term space travel until we can understand and prevent
muscle wasting. Similar types of muscle atrophy occur on earth in various muscle diseases and during
the normal aging process. This work will provide an increased understanding of basic muscle function
and how it is deleteriously altered with inactivity. We will establish whether the reduced physical work
capacity induced by weightlessness is caused primarily by deleterious alterations within the limb
skeletal muscles or if a reduced aerobic capacity contributes to the problem. In addition to the direct
benefits to space biclogy, this work will provide the basic knowledge needed for the development of

105



II. Program Tasks — Flight Research Discipline: LMS

new exercise protocols and strategies that should be more effective than current procedures in slowing

the atrophy process associated with the aging process. Since one of the main problems encountered by
older adults is weakness which leads to debilitating falls, these modalities will improve the quality of

life and lead to considerable savings in medical costs.

Publications, Presentations, and Other Accomplishments:
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Grichko, V.P. and Fitts, R.H. "Effect of 17 day bed rest on the enzyme and metabolite profile of the
slow type I fiber." Med. Sci. Sports Exerc., (In Press).

Riley, D.A., Bain, J.L.W., Thompson, J.L.T., Trappe, S., Costill, D., and Fitts, R.H.
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gastrocnemius and soleus muscles.” ASGSB Bulletin, 9, 70 (1995).

Romatowski, J.G., Widrick, J.J., Sherwood, J., Bangart, J.J,, Costill, D.L., and Fitts, R.H. "Isotonic
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Trappe, S.W., Trappe, T.A., Costill, D.L., and Fitts, R.H. "Effects of unilateral lower limb
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Trappe, T.A., Trappe, S.W., Costill, D.L., and Fitts, R.H. "Time course of cardiorespiratory
deconditioning with 17 days of 6 degree head down tilt bed rest." Med. Sci. Sports Exerc., (In Press).
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Magnetic Resonance Imaging after Exposure to Microgravity

Principal Investigator:

Adrian LeBlanc, Ph.D. Phone: (713) 790-2761
Methodist Hospital Fax: (713) 793-1341

Mail Code NB1-004 E-mail: alebanc@bcm.tmc.edu
Baylor College of Medicine Congressional District: TX-18

6501 Fannin Street
Houston, TX 77030

Co-Investigators:

Dr. Linda Shackelford NASA Johnson Space Center
Dr. Harlan Evans Baylor College of Medicine and Krug Life Sciences
Dr. Chen Lin Baylor College of Medicine
Dr. Thomas Hedrick The Methodist Hospital, Houston
Dr. M. Stewart West Baylor College of Medicine
Funding:
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Flight Information:
Flight Assignment: LMS, (STS-78, 1996)
Responsible NASA Center: Johnson Space Center

Task Description:

After the 8-day flight of Spacelab-J, the crew showed evidence of significant atrophy in their calf,
thigh, and lower back muscles. This ground-based experiment is designed to document comparable
changes in the muscles of the LMS crew during the planned 16-day mission. Using Magnetic
Resonance Imaging (MRI) scans, the science team will quantify changes in the volume of individual
muscles (soleus, gastrocnemius, quadriceps, hamstrings, adductors, intrinsic low back, and psoas) and
will determine the degree and rate of recovery to their preflight states. The MRI scans may
demonstrate, for instance, whether the predominantly slow-twitch soleus atrophies faster than the
predominantly fast-twitch gastrocnemius. Muscle volume will be compared to muscle performance
measurements gathered on orbit during other experiments. Dual photon X-ray absorptiometry, or
DEXA, will be used to obtain total body and regional fat and lean tissue mass, which will complement
the MRI data. In addition, DEXA will be used to monitor fluid redistribution after flight.

Investigators also will study changes in the cross-sectional areas of intervertebral discs in the lower
back; if significant expansion of the disc area is evident, researchers may improve their understanding of
the causes of back pain reported by many astronauts. This experiment also will determine any
differences in the ratio of fat and water in spinal bone marrow during 2 weeks in space. These findings
may indicate alterations in the ability of the bone marrow to produce new red blood cells.
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1. Completed a bed rest study at Ames Research Center designed to mimic the LMS flight. The DEXA
whole body data analysis has been completed. The MRI muscle volumes for the calf and spectroscopy
of the spine are complete.

2. We have contracted with a vendor to provide a portable MRI unit at the landing sites. The necessary
coordination with KSC and Dryden is ongoing.

3. The Hologic company has been contacted to provide DEXA devices for the landing sites. At this
time no firm commitment has been obtained. A back-up plan has been formulated.

4. The amount of fluid shift to be expected in the lower limbs during an MRI scanning protocol and
after overnight rest was determined.

5. The technique to measure fat-water ratio was developed using in vitro phantoms. The short and long-
term in vivo precision is proceeding at this time.

6. The final preparations for the LMS flight are proceeding. Two of the crew were tested to determine if
metal implants would interfere with the MRI testing; results showed that they would not.

Space flight measurements have documented that significant bone and muscle atrophy occurs during
weightlessness. Knowledge of the extent and temporal relationships of the these changes in the
individual bones and muscles is important for the development of effective countermeasures. The losses
during space flight are believed to result from the reduced forces on the musculoskeletal system.
Analogous to space flight, inactivity in one G will cause bone and muscle loss. The loss of bone and
muscle with aging occurs in both men and women, resulting in a significant public health problem.
Although the exact cause of bone and muscle loss with aging is not understcod, one important risk
factor is disuse. Men and women become less active as they grow older and that may play an important
role in the elderly and in patients immobilized for medical reasons. In addition, muscle atrophy is an
important component of many disease states as well as aging, therefore, understanding the role of
disuse versus other causes is important for elucidating the physiological mechanisms of muscle
atrophy. The relationship of muscle atrophy to muscle performance is not well understood. The LMS
flight will examine decrements in muscle performance with measurements of muscle specific atrophy.

Back pain is a common health problem. There are several causes for this complaint and often involves
the intervertebral discs. Bed rest is frequently recommended as a component of patient management. Our
studies demonstrated that overnight or longer bed rest causes expansion of the disc area, reaching an
equilibrium value of about 22% (range 10-40%) above baseline. In space, where the external
mechanical loads are greatly reduced, the disc probably expands significantly. These changes which are
rapidly reversible after short duration flights, may be an important consideration during and after long
duration missions or bed rest on Earth, e.g., disc physiology may be altered. Also, this change in the
disc size may be causally related to the back pain experienced during space flight.

Publications, Presentations, and Other Accomplishments:
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LeBlanc, A.D., Evans, H., Schneider, V., Wendt, R., and Hedrick, T. "Changes in Intervertebral Disc
Cross-sectional Area With Bed Rest and Space Flight." Spine, vol. 19, no. 7, 812-817 (1994).
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Lignin Formation and Effects of Microgravity: a New Apporach

Principal Investigator:

Norman G. Lewis, Ph.D. Phone: (509) 335-2682
Institute of Biological Chemistry Fax: (509) 335-7643
Washington State University E-mail: lewis@wsu.edu

467 Clark Hail Congressional District: WA-5
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Co-Investigators:

Dr. Laurence B. Davin Washington State University
Dr. Mi Chang Washington State University
Dr. Pieter Van Heerden Washington State University
Funding:
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Flight Information:
Flight Assignment: LMS, (STS-78, 1996)

Responsible NASA Center: Kennedy Space Center

Task Description:

The focus of the plant science experiment on the Life and Microgravity Spacelab mission is to
establish the effect of the microgravity environment on the ability of plants to form a reinforcement
tissue known as reaction wood. On Earth, woody plants produce this distinctive reinforcement tissue
when their stems are bent contrary to their normal orientation. The reaction wood formation helps
restore the stem to its upright position, which contributes to the plant’s survival, but it has an adverse
effect on wood quality and texture.

Conifer seedlings will be placed in the Plant Growth Facility (PGF) in an orientation that favors
reaction wood formation in Earth's gravity. The crew will perform a daily status check of PGF
systems, photograph the Plant Growth Chambers, and fix some of the plants, effectively stopping their
growth and development at predetermined intervals during the mission. Two of the six chambers will
be opened for plant fixation, at which time the plants will be harvested, chemically fixed, and frozen for
postflight analysis. Electron and light microscopic study of the samples will define the time and place
of reaction wood formation and the extent to which it forms. Chemical and biochemical analysis will
compliment the study, enabling scientists to measure the effects of microgravity and reaction wood
formation and, if possible, to define the regulatory enzymes and genes involved. The technology used
for this experiment will be incorporated into future space station facilities for plant growth.

Bending experiments have been conducted in order to determine the onset of reaction wood formation.

It has been shown that a 24 hour-bending period is sufficient to induce reaction wood formation on
Earth. These experiments have been carried out for both loblolly pine and Douglas fir. Protocols have
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been developed for harvesting the tissue. The fixative bags have been tested. Preliminary work
regarding the metabolic flux of phenylpropanoid monomers into lignin has been investigated, i.e.,
HPLC conditions have been established for the separation of all the acids, CoA esters, aldehydes and
alcohols of the phenylpropanoid pathway.

The emphasis of the laboratory is to understand how wood formation can be biotechnologically
exploited. Recent work has identified the first three genes involved in heartwood formation. This is an
important discovery since heartwood utilization for both lumber and pulp and paper production
represents an approximately 135 billion dollar industry per annum. Similar genes are also involved in
dietary fiber conferring chemoprevention against breast and prostate cancer in dietary fibers.

Publications, Presentations, and Other Accomplishments:

Bernards, MA, ML Lopez, J Zajicek and NG Lewis Hydroxycinnamic Acid-derived p-Polymers
Constitute the Polyaromatic Domains of Suberin. J. Biol. Chem., 270, 7382-7386 (1995).

Nose, M., MA Bernards, J Zajicek, TL Eberhardt and NG Lewis "Toward the Specification of
Conservative Steps in Macromolecular Lignin Assembly.” Phytochemistry, 39, 71-79 (1995).
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Discipline:

LMS

Human Sleep, Circadian Rhythms and Performance in Space

Principal Investigator:

Timothy H. Monk, Ph.D.
Director, Human Chronobiology
University of Pittsburgh

3811 O'Hara Street

Phone: (412) 624-2246

Fax: (412) 624-2841

E-mail: thm@rcn.wpic.pitt.edu
Congressional District: PA-14

Pittsburgh, PA 15213
Co-Investigators:

Dr. Daniel J. Buysse, M.D.
Dr. Claude C. Gharib, M.D.
Dr. Guillemette Gauquelin, Ph.D.

University of Pittsburgh
Université Claude Bernard, France
Université Claude Bernard, France

Funding:
Project Identification: E948 Solicitation: NRA
Initial Funding Date: 8/90 Expiration: 6/97

FY 1995 Funding: $268,618 Students Funded Under Research: 0

Flight Information:
Flight Assignment: LMS, (STS-78, 1996)
Responsible NASA Center: Johnson Space Center

Task Description:

This is the first simultaneous study of sleep, circadian rhythms, and task performance of a group of
astronauts in response to a microgravity environment. The experiment will evaluate effects caused by

microgravity and by the absence of terrestrial time cues (zeitgebers) and normal social contacts.

Scientists hypothesize that the severe weakening of social and physical zeitgebers during the mission
and/or unusual conditions within the environment (microgravity, cramped conditions, and stress) will

disturb circadian rhythms which, in turn, will lead to poorer sleep and degraded task performance.
Results may help explain challenges to the biological clock that occur on Earth as a result of shift
work and jet-lag. :

For two 72-hour periods, each of the payload crew members will wear a special belt pack connected to a

sleep cap with 10 electrodes attached to the head. The system will provide data about brain waves

(electroencephalography), eye movements (electro-oculography), and muscle tone (electromyography)

while the crew member is sleeping. These data allow scientists to categorize each minute of sleep
various types and depths. During the 72 hours, another belt pack recorder receives a signal from a

by

temperature sensor indicating the crew member's core body temperature every 6 minutes. Circadian

rhythms also will be evaluated by measuring urine electrolyte and hormone concentrations at each
voiding, by mood and activation testing every 2 hours during the wake cycle, and by performance
testing before each meal. Crew members will keep a diary to record sleep quality and alertness on
awakening and will answer end-of-shift questionnaires to evaluate workload, perceived effort, and

fatigue. Except for the urine sampling, sleep data (polysomnography), and core body temperature

sampling procedures, all aspects of the protocol will use the Payload and General Support Computer.
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Data will be compared with pre- and post-flight tests on Earth. Also, an identical ground study will be
performed after the mission under the direction of Dr. Alexander Gundel of the Institute of Aerospace
Medicine in Cologne, Germany.

FY 1995 saw significant progress for this experiment on two different fronts. With regard to the LMS
flight itself, a number of equipment changes were implemented with respect to the computer used, and
to the core body temperature collection device, as well as to the addition of wrist actigraphy. These
changes required a rewrite of much documentation and a change in our experiment software. Crew
orientation training took place in Pittsburgh and was deemed highly successful. Task training took
place in Houston, and resulted in some useful suggestions for software and hardware changes by the
astronauts. These have now been implemented and have undoubtedly strengthened the experiment.

On a second front, the SACS experiment was heavily involved in the LMS bed rest study at NASA
Ames which took place in the summer of 1995. Substantial efforts were required to develop procedures,
to purchase equipment, to prepare the materials and to run the study. Thanks to the heroic efforts of the
SACS Pittsburgh team and the compliance of the eight bed rest subjects, very useful and informative
data were obtained, related both to the execution of the study in space and to the scientific question of
how bed rest and the absence of sunlight might affect circadian rhythms, sleep and performance.

Life on Earth has developed to be in tune with the cycles of daylight and darkness that stem from our
planet's 24h rotation. Like most other animals, human beings have a biological clock inside the brain
which acts as a timekeeper. For diurnal creatures like ourselves, the clock prepares the body and mind
for restful sleep at night and active wakefulness during the day. This clock is referred to as the
"circadian system" (Latin: circa dies - about a day) because the cycles it generates have a period length
that is not exactly 24h, but is faster or slower than that figure. For example, for humans, the figure is
about 24.3 -25.0h, depending on the individual. This means that the circadian system requires time cues
or zeitgebers (German: time giver) from the environment in order to keep it exactly in tune with the
24h rotation of the earth,

Night workers and people who travel rapidly across time zones run into problems that arise from their
circadian systems. Sleep is often interrupted or shortened and daytime mood, alertness and performance
impaired. Study of sleep, circadian rhythms and performance in space allows us to understand what
happens to people when they are removed from most of the time cues on earth. Findings from our
experiment will thus help us to understand the actions of zeitgebers on the human circadian system, and
will help us in providing useful coping strategies to night workers and those suffering from jet-lag.

Publications, Presentations, and Other Accomplishments:

Monk, T.H., Folkard, S., and Wedderbur, A.I. "Maintaining safety and high performance on
shiftwork.” Applied Ergonomics, vol. 27, no. 1, 17-23 (1995).

Monk, T.H., Petrie, S.R., Hayes, A.J., and Kupfer, D.J. "Regularity of daily life in relation to
personality, age, gender, sleep quality and circadian rhythms." Journal of Sleep Research, 3, 196-205
(1994).

Monk, T.H., Reynolds, III, C.F., Kupfer, D.J., Buysse, D.I., Coble, P.A., Hayes, A.J., Machen,

M.A,, Petrie, S.R., and Ritenour, AM. "The Pittsburgh Sleep Diary (PsgSD)." Journal of Sleep
Research, 3, 111-120 (1994).
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Canal and Otolith Integration Studies (COIS)

Principal Investigator:

Millard F. Reschke, Ph.D. Phone: (713) 483-7210

Space Biomedical Research Institute Fax: (713) 244-5734

Mail Code SD5 E-mail: reschke @sdmail.jsc.nasa.gov
NASA Johnson Space Center Congressional District: TX-22

2101 NASA Road 1
Houston, TX 77058

Co-Investigators:

Alain F. Berthoz, Ph.D. CNRS/College de France, France

Gilles R. Clement, Ph.D. CNRS/Toulouse, France

Bernard Cohen, Ph.D. Mount Sinai Medical Center, NY

Makoto Igarashi, M.D. Nihon University, Japan

William H. Paloski, Ph.D. NASA Johnson Space Center

Donald E. Parker, Ph.D. University of Washington, Seattle, WA
Funding:

Project Identification: Solicitation: 93-OLMSA-07

Initial Funding Date: Expiration:

FY 1995 Funding: $§ Students Funded Under Research: 0

Flight Information:
Flight Assignment: LMS, (STS-78, 1996)

Responsible NASA Center: Johnson Space Center

Task Description:

The research protocols in the Canal and Otolith Integration Studies (COIS) are designed to investigate
changes in the central processing of visual and vestibular information necessary for spatial orientation,
specifically for gaze control, following adaptation to space flight. The coordination of the vestibulo-
ocular reflex, smooth pursuit and saccades for maintaining gaze during combined head and eye tracking
will be examined in both pitch and yaw planes. Changes in spatial orientation from a gravitational to
a body frame of reference will be studied by quantifying optokinetic cross-coupling with a tilted
(oblique) stimulus, and with a horizontal stimulus and head tilt relative to spatial vertical.

As originally proposed, the basic premise of this investigation rests on four points: (1) There is a
normal synergy or interaction in the vestibular system pathways between activity arising in the
semicircular canals, the otolith organs, the visual system, somatosensory receptors, and probably other
sensory systems. Through coordination of the many inputs, the sensation of movement and accuracy
of compensatory responses to various states of motion is maintained. (2) Otolith input is altered
during space flight, i.e. spontaneous activity from the otolith organs associated with signaling position
in a gravitational field must be modified as a new set point is established. (3) Adaptation will occur in
microgravity with corresponding modifications of sensory and motor reflexes until new and appropriate
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response patterns are established. (4) In the immediate postflight period, responses will reflect the
nature and degree of the inflight adaptation.

Based on these four points, our inclusive hypothesis predicts that during space flight there will be a
modification of the normal synergy that exists to coordinate canal, otolith, proprioceptive, and other
sensory input. The first part of this investigation was completed during the STS-42 mission
Microgravity Vestibular Investigations (MV]) using passive rotational stimuli. The goal of this
research is to complete the MVI scientific objectives as they were originally proposed related to visual-
vestibular contributions to active goal-directed spatial orientation tasks.

This experiment is only a few months away from flight. Flight hardware has been delivered and
integrated into the LMS spacelab module, crew training is at an advanced phase, and baseline data
collection will begin in one month.

As a part of the preparation for this experiment on the LMS flight, we participated in a bed rest study
to investigate both bed rest as a stimulus and the interaction of our experiment with other life science
experiments currently in the timeline. Data analysis from this bed rest study has been completed and a
report is currently being drafted.

This experiment is a follow-on set of studies first performed as a part of the Microgravity Vestibular
Investigations (MVT) flown on IML-1. The hardware required to support this experiment (unlike that
for MVT) requires that head and eye movements be measured during goal-oriented tasks in a freely
moving subject. This task, once thought to be almost impossible, has been accomplished. The
primary benefit will be a new more meaningful way of testing clinical patients. Currently most
visual/vestibular testing in the hospital is done in only the yaw axis in a restrained subject. Both the
new hardware and methods (along with the baseline data) developed for this experiment promise to
initiate a new science, and modify completely the way patients are evaluated.

Aside from the clinical aspects, the benefit to NASA will be the first collection of integrated vestibular
and visual data ever collected on shuttle flights of 16 days. This data is extremely valuable in assisting
NASA advance to space station flights, and to assist in helping insure the safety, health and well being
of future astronauts.

Publications, Presentations, and Other Accomplishments:

Huebner, W.P., Paloski, W.H., Reschke, M.F., and Bloomberg, J.J. "Geometric adjustments to
account for eye eccentricity in processing horizontal and vertical eye and head movement data." Journal
of Vestibular Research, 5(4), 229-322 (1995).

Reschke, M.F. "Modification of eye movements, visual-vestibular responses and perception during
angular rotation as a function of altered otolith input in microgravity. In: Review of Science Results,
First International Microgravity Laboratory.” NASA Tech Brief, 1, 411-441 (1994).

Reschke, M.F., Bloomberg, J.J., Harm, D.L., Paloski, W.H. "Space flight and neurovestibular
adaptation.” J. Clin. Pharmacol., 34, 609-617 (1994).

Reschke, M.F., Bloomberg, 1.J., Paloski, W.H., Harm, D.L., Parker, D.E. "Neurophysiologic
aspects: Sensory and sensory-motor function. In: Nicogossian, A.E., Leach, C.L., Pool, S.L., eds.
Space Physiology and Medicine." Lea & Febiger, Philadelphia, PA, pp 261-285, 1994b.

Reschke, M.F., Harm, D.L., Bloomberg, J.J., and Paloski, W.H. "Chapter 7: Neurosensory and

sensory-motor function. In: A.M. Genin and C.L. Huntoon, eds., Space Biology and Medicine, Vol. 3:
Humans in Spacelfight, Book 1: Effects of Microgravity." AIAA, Washington, DC, In press, 1995.
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Reschke, M.F., Harm, D.L., Parker, D.E., Sandoz, G.R., Homick, J.L, Vanderploeg, .M.
"Neurophysiologic aspects: Space motion sickness. In: Nicogossian, A.E., Leach, C.L., Pool, S.L.,
eds. Space Physiology and Medicine." Lea & Febiger, Philadelphia, PA, pp 228-260, 1994a.
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Microgravity Effects on Standardized Cognitive Performance Measures

Principal Investigator:

Samuel G. Schiflett, Ph.D. Phone: (210) 536-3464

Sustained Operations Branch Fax: (210) 536-2761

AL/CFTO E-mail: schiflett@apache.brooks.af.mil
United States Air Force Armstrong Laboratory Congressional District: TX-20

2504 Gillingham Drive, Suite 25
Brooks AFB, TX 78235

Co-Investigators:

Douglas R. Eddy, Ph.D. NTI, Inc.
Jonathan French, Ph.D. United States Air Force, Armstrong Laboratory
Robert E. Schlegel, Ph.D. University of Oklahoma
Randa Shehab, Ph.D. University of Oklahoma
Funding:
Project Identification: E963 Solicitation: 89-OSSA-13
Initial Funding Date: 11/89 Expiration: 9/97
FY 1995 Funding: $245,426 Students Funded Under Research: 5

Joint Participation: DoD
Flight Information:
Flight Assignment: LMS, (STS-78)
Responsible NASA Center: Johnson Space Center

Task Description:

A cooperative USAF/NASA experiment was flown as part of the payload for the Second International
Microgravity Laboratory on-board the Space Shuttle Columbia (STS-65) in July 1994. The experiment
studied the interactive effects of microgravity and fatigue on the cognitive functioning of three
astronauts for 13 days on a dual-shift mission. A Performance Assessment Workstation (PAWS) was
developed and validated for space flight to collect cognitive performance test data. The performance
tests were selected from the DOD Unified Tri-Service Cognitive Performance Assessment Battery
(UTC-PAB). The tests measured short-term memory, spatial processing, attention, tracking, and dual
task timesharing. All three astronauts completed 40, 20-minute sessions of a battery containing 6
cognitive performance tests and 2 subjective scales (mood and fatigue) on a laptop computer. Twenty-
four sessions were preflight, 13 sessions were in-orbit, and 3 sessions were postflight. It was
demonstrated that cognitive and psychomotor performance can be reliably measured in the microgravity
environment. The performance measures were sensitive to the combined stressor effects of the
microgravity environment. In general, performance patterns of the astronauts in-orbit and during
ground-based periods were comparable when learning of the task had stabilized with the exception of
Memory Search for one subject and Unstable Tracking performance in another subject. Both of these
performance decrements were related to fatigue. Single-subject mathematical models of astronaut
preflight performance revealed that predicted learning levels for two subjects were not achieved in
tracking, short-term memory, and directed attention. Even if one considers the converging evidence
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from an extremely limited number of other in-flight experiments, the currently available database about
human performance in space is too small to warrant final conclusions about cognition and visuomotor
performance while living and working in microgravity. Isolation of microgravity as the single stressor
causing in-orbit performance deterioration cannot be fully determined from these results. Therefore,
additional ground-based control research studies and more in-orbit subjects are required before these
results can be generalized to future space travelers. PAWS is currently manifest on STS-78 for the Life
and Microgravity Sciences mission and will provide this experiment with four additional subjects.

Prior to and during FY95, a Performance Assessment Workstation (PAWS) was developed and validated
for space flight to collect cognitive performance test data. The performance tests were selected from the
DOD Unified Tri-Service Cognitive Performance Assessment Battery (UTC-PAB). The tests measured
short-term memory, spatial processing, attention, tracking, and dual task timesharing. Three astronauts
have completed 40, 20-minute sessions of a battery containing 6 cognitive performance tests and 2
subjective scales (mood and fatigue) on a laptop computer. Twenty-four sessions were preflight, 13
sessions were in-orbit aboard STS-65, and 3 sessions were postflight. It was demonstrated that
cognitive and psychomotor performance can be reliably measured in the microgravity environment.

The performance measures were sensitive to the combined stressor effects of the microgravity
environment.

In general, performance patterns of the astronauts in-orbit and during ground-based periods were
comparable when learning of the task had stabilized with the exception of Memory Search for one
subject and Unstable Tracking performance in another subject. Both of these performance decrements
were related to fatigue. Single-subject mathematical models of astronaut preflight performance revealed
that predicted learning levels for two subjects were not achieved in tracking, short-term memory, and
directed attention.

Even if one considers the converging evidence from an extremely limited number of other in-flight
experiments, the currently available database about human performance in space is too small to warrant
final conclusions about cognition and visuomotor performance while living and working in
microgravity. Isolation of microgravity as the single stressor causing in-orbit performance
deterioration cannot be fully determined from these results. Therefore, additional ground-based control
research studies and more in-orbit subjects are required before these results can be generalized to future
space travelers.

PAWS is currently manifest on STS-78 for the Life and Microgravity Sciences (LMS) mission and
will provide this experiment with four additional subjects. This year's work has integrated the PAWS
experiment with the training, in-orbit and recovery timelines of the other LMS experiments. A bed
rest study conducted at NASA/Ames Research Center revealed that the PAWS experiment was
compatible with the requirements of the other life sciences experiments. Minor programming changes
to the PAWS software will provide functional compatibility with another LMS experiment and
facilitate data sharing and interpretation of results.

This research seeks to uncover the effects of microgravity on cognitive performance using each subject
as his own control. To accomplish this, the effects of other variables such as fatigue must be isolated
and independently measured. Similar problems arise in attempting to disentangle the effects of other
stressors on Earth from fatigue. The single-subject, performance modeling approach used in the PAWS
experiment has application to similar research problems on Earth. Once baseline cognitive
performance is established in an individual, deviations from it can be attributed to the isolated stressors
affecting that individual. A performance test can be used to determine how long the individual can
work effectively in the stressful environment and how much rest is necessary for recovery. This
approach to understanding the performance impact of stressors and protecting individuals from them is
readily applied both in space and on Earth.
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Once a method exists to assess performance, counter-measures to the stressor/s can be tested for their
efficacy in ameliorating any performance degradation encountered. For example, if work/rest schedule
manipulations are causing performance decrements, then less stressful schedules can be designed to
increase productivity and reduce the chance of human error in-orbit. This research attempts to
objectively demonstrate a method to measure cognitive performance in microgravity. If disruption is
discovered, then an attempt to understand the cause of the disruption can be initiated. Unlike muscle
and bone tissue, space travelers are required to use their brain to accomplish tasks similar to Earth
dwellers. Therefore, performance degradation can not be attributed to lack of use. Other biological
processes will have to be investigated.

This research proposes to isolate the conditions causing cognitive performance degradation. Some of
these will be the same as those found on Earth such as lack of sleep, work/rest schedule changes that
are too aggressive, use of performance disruptive medications, and excessive task demands. The space
environment adds to this list of stressors: confinement, isolation, and microgravity. Only by isolating
each of these conditions can the effects of the in-orbit stressors be identified and quantified.

Measures of cognitive performance created for use in microgravity can be applied to the common man
on Earth to identify and counter the conditions responsible for reduced productivity and job satisfaction
and increases of accidents and errors. Objective measures of performance can help to focus managers
and workers on the conditions leading to optimal work performance and productivity. Space station
workers can look forward to realistic work/rest schedules that maximize productivity and job
satisfaction while minimizing the chance of work related accidents and human error. Decisions can be
based on objective cognitive performance measures rather subject judgments that are somewhat
independent of productivity.

Publications, Presentations, and Other Accomplishments:

Eddy, D.R. "In-orbit cognitive performance compared to model predictions based on preflight baseline
learning." Aerospace Medical Association Abstract, No. 504, 66th Annual Meeting, Anaheim, CA,
May 7-11, 1995.

French, J., Schiflett, S.G., Eddy, D.R., Schiegel, R.E. and Shehab, R.L. "Shuttle crew subjective
fatigue assessment during the IML-2 mission." Aerospace Medical Association Abstracts, No. 505,
66th Annual Meeting, Anaheim, CA, May 7-11, 1995.

Schiflett, S.G. "Panel: Microgravity and fatigue effects on cognitive performance of space shuttle
astronauts.” Aerospace Medical Association Abstracts, No. 501, 66th Annual Meeting, Anaheim, CA,
May 7-11, 1995.

Schiflett, S.G. "Cognitive performance assessment during sustained operations in unique
environments.” 103rd Convention American Psychological Association, New York, NY, August 11-
15, 1995.

Schiflett, S.G., Eddy, D.R,, Sch]cgel, R.E,, French, J. and Shehab, R.L. "Performance Assessment
Workstation (PAWS).” Final Report for Contract No. T-6691R, under NRA 89-OSSA-13. Marshall
Space Flight Center, AL, NASA Life Sciences Project Division. NASA Tech Brief, (1995).

Schiflett, S.G., Eddy, D.R., Schlegel, R.E., French, J. and Shehab, R.L. "Astronaut performance
during preflight, in-orbit, and recovery." Aerospace Medical Association Abstracts, No. 503, 66th
Annual Meeting, Anaheim, CA, May 7-11, 1995.

Schlegel, R.E., Shehab, R.L., Gilliland, K., Eddy, D.R. and Schiflett, S.G. "Microgravity effects on

cognitive performance measures: Practice schedules to acquire and maintain performance stability.”
AL/CF-TR-94-0040, Brooks AFB, TX, 1995.
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Schlegel, R.E., Shehab, R.L., Schiflett, S.G., Eddy, D.R. and French, J. "Relating astronaut
performance on the NASA PAWS to the performance of a ground-based reference group.” Aerospace
Medical Association Abstracts, No. 502, 66th Annual Meeting, Anaheim, CA, May 7-11, 1995.

Schlegel, R.E., Shehab, R.L., Schiflett, S.G., Eddy, D.R. and Gilliland, K. "Astronaut baseline
practice schedules for the NASA performance assessment workstation (PAWS)." Aerospace Medical
Association Abstracts, No. 166, 65th Annual Meeting, San Antonio, TX, May 8-12, 1994,

Schlegel, R.E., Shehab, R.L., Schiflett, S.G., French, J. and Eddy, D.R. "The NASA performance
assessment workstation: Astronauts vs. a ground-based reference group." Man in Space for Science and
Technology Development Abstracts, No. 95 IAA 13 T 06, 11th IAA Annual Symposium, Toulouse-
Labege, France, March 27-31, 1995.
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Measurement of Energy Expenditures during Spaceflight Using the Doubly Labeled Water Method

Principal Investigator:

T. P. Stein, Ph.D. Phone: (609) 566-6036
Univ. of Medicine & Dentistry of New Jersey Fax: (609) 566-6040

106 Science Center E-mail: tpstein@umdnj.edu
2 Medical Center Drive Congressional District: NJ-1

Stratford, NJ 08084
Co-Investigators:

Dr. Reed W. Hoyt U.S. Army Research Institute for Environmental
Medicine
Dr. Helen Lane NASA Johnson Space Center
Dr. Randall W. Gretebeck NASA Johnson Space Center
Funding:
Project Identification: E871 Solicitation: AO-OSSA-84
Initial Funding Date: 1/95 Expiration: 12/95
FY 1995 Funding: $129,802 Students Funded Under Research: 0

Flight Information:
Flight Assignment: LMS, (STS-78, 1996)
Responsible NASA Center: Johnson Space Center

Task Description:

This experiment is the first attempt to measure the relationships between energy needs and dietary
intake during space flight. The determination of human energy requirements in the microgravity
environment is crucial to the designing of life support systems and the accurate assessment of a
person's ability to live and work productively in weightlessness. Available evidence is conflicting:
some studies suggest an increase in energy output during space flight, while others indicate a decrease.
Two consequences of a negative energy balance on Earth are the wasting of body protein (especially
skeletal muscle) and the depletion of stored body fat. The protein loss may result in impaired
performance, increased susceptibility to disease, and delayed healing of wounds. Such a loss during
space flight may affect in-flight performance and impair the ability of the individual to function
adequately during the critical phases of re-entry and landing.

The doubly labeled water method is a highly accurate means of measuring energy output in a safe,
time-efficient manner using only urine or saliva specimens for analysis. Water labeled with the non-
radioactive isotopes deuterium (*H) and oxygen ('%0) is ingested by the payload crew. The two isotopes
leave the body at different rates. Deuterium leaves primarily in urine while 180 leaves in both water
and exhaled carbon dioxide (CO,). The difference in loss rates is equal to the rate of CO2 production,
which is directly related to the rate of energy expenditure. Crew members will provide samples of urine
and saliva and will collect galley water to correct for any background changes in the drinking water.
Also, they will monitor their dietary and drug intake, keep a daily activity log, and measure their body
mass with the Space Linear Acceleration Mass Measuring Device (SLAMMD). These measurements
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will be taken during 2 consecutive 6-day blocks of time before, during, and after the mission, a total of
36 days. Energy balance will be determined from the difference in energy intake as measured by the
dietary log and actual energy expenditure as measured by the DLW method. Comparison of the in-
flight data against the combination of the preflight and matched bed rest data will indicate whether the
energy costs of living and working in space are greater or less than those on Earth for comparable
activity.

During FY 1995, a 17-day bed rest study with 6° head down tilt was conducted in the Clinical research
Center of the NASA-Ames Research Center. 8 healthy adult males were recruited from the local
community. The study was divided into three phases, a 15-day pre-bed rest ambulatory period followed
by 17 days of bed rest and ending with a fifteen day recovery period. During the 47 days of the study
the subjects received all their nutrition from the research center. Six subjects were dosed with 2H,'*0
for the energy expenditure measurements. Two randomly chosen subjects, were not given any isotopes
were used to measure, and hence to correct for any variations in background water isotopic enrichments
that occurred during the study period. Saliva was used to sample the body water pool.

This additional important ground based data will permit the comparison of the inflight data against a
ground based bed rest study which included an a series of activities and physiological measurements
designed to match the LMS inflight measurements.

Analyses are still in progress. However some important data was gained concerning when to sample
body water post-isotope dosing inflight. The original protocol called for sampling body water 6 and 8
hours post-dosing during bed rest. In healthy ambulatory subjects only 3-4 hours are required for
isotopic equilibration. Nevertheless, prior to this experiment we had some suspicions that isotopic
equilibration for the determination of body water might take longer in space than on the ground. This
supposition was based on the TBW data from prior experiments. The results of the bed rest study
showed that sampling at 6 and 8 hr. overestimated body water by about 1% due to incomplete
equilibration by about 1% (p<0.07) which will translate into an over-estimate of the energy expenditure
rate by 1%. Accordingly, we have requested that NASA change the proposed inflight timeline for the
LMS study so as increase the time elapsed between dosing and saliva collection.

This project will eventually provide information on the relationship between muscle loss, energy
expenditure and activity. While the space flight related muscle is likely to affect only a few astronauts,
the muscle wasting associated with bed rest is a serious clinical problem, with the elderly being
particularly impacted. Thus the information derived from this study will have direct applicability to a
problem that affects a sizable proportion of the American people and is associated with substantial
costs.
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Extended Studies of Pulmonary Function in Weightlessness

Principal Investigator:

John B. West, Ph.D., M.D., D.Sci. Phone: (619) 534-4192
Department of Medicine Fax: (619) 534-4812

Mail Code 0623 E-mail: jwest@ucsd.edu
University of California, San Diego Congressional District: CA-49
9500 Gilman Drive

Lalolla, CA 92093-0623
Co-Investigators:

Dr. Ann R. Elliott University of California, San Diego

Dr. G. K. Prisk University of California, San Diego

Dr. Manuel Palva Université Libre de Bruxelles, Belgium
Funding:

Project Identification: E030 Solicitation: AO-OSSA-84

Initial Funding Date: 7/92 Expiration: 6/97

FY 1995 Funding: $1,165,000 Students Funded Under Research: 2

Flight Information:
Flight Assignment: LMS, (STS-78, 1996)

Responsible NASA Center: Johnson Space Center

Task Description:

This investigation extends the studies of the human lung in four major areas. Investigators will study
lung function after the stress imposed by heavy exercise in the microgravity environment; they will
monitor the motion in the rib cage and abdomen to study the effects of microgravity on the
musculoskeletal aspects of breathing during rest, during heavy exercise, and during deep breathing; they
will make the first measurements in microgravity of the body's response to inhaled carbon dioxide, a
response that may be altered by space flight; and they will continue and build on previous studies of
how gas is distributed within the lung. Data will be collected 4 times before the flight, several times
during flight, and 5 times in the 2 weeks following the mission to provide a comparison with lung
function on Earth.

A sequence of breathing tests will measure the concentrations and volumes of inhaled and exhaled gases
before and after exercise several times throughout the LMS mission. The data will be stored onboard
and downlinked simultaneously to the ground, allowing for interaction between the crew and the
investigators. The Astronaut Lung Function Experiment (ALFE) hardware developed for SLS-1and -2
has been modified and will be used with the addition of the Gas Analysis System for Metabolic
Analysis Physiology mass spectrometer and microcomputer. Each crew member will have an
individual ALFE personal stowage kit, which consists of a mouthpiece and nose clip. The crew
member breathes in either the ambient air of the Spacelab cabin or one of the test gases, depending on
the activity being performed and the measurement being sought. Expired gases are continuously
monitored while being directed either into the cabin, into the rebreathing bag, or into an exhaust bag.
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The Belgian-built Respitrace suit, a vest-like garment equipped with electronics connected to respiratory
transducers located at the chest level and at the abdomen, will be used for the rib cage/chest motion
studies.

Crew training is ongoing. All hardware is delivered to KSC and has completed level IV integration.
Baseline data collection is about to start which will represent the first orbital data collection. The
integrated bed rest study performed at NASA/Ames in the summer of 1995 is complete. Data analysis
is mostly complete.

The knowledge gained from the flight program will further the basic knowledge of how the human
pulmonary system functions. On this mission, we will extend our previous studies to the areas of
musculoskeletal function by studying rib cage and abdominal motion, the effect of heavy exercise on
the lung in microgravity, and the changes in the carbon dioxide control signals of ventilation.

The bed rest study will provide a useful set of data on the effect of long-term bed rest on those aspects
of pulmonary function. Since many people are confined to bed for long periods of time, this
information should have direct benefit to such a group.

Publications, Presentations, and Other Accomplishments:

Elliott, A.R., Prisk, G.K., Guy, HJ.B., and West, J.B. L"ung volumes during sustained microgravity
on Spacelab SLS-1." J. Appl. Physiol., 77, 2005-2014 (1994).

Guy, H.J.B,, Prisk, G.K,, Elliott, A.R., Deutschman III, R.A., and West, J.B. "Inhomogeneity of
pulmonary ventilation during sustained microgravity as determined by single-breath washouts." J.
Appl. Physiol., 76, 1719-1729 (1994).

Prisk, G.K,, Elliott, A.R., Guy, H.J.B., Kosonen, J.M., and West, J.B. "Pulmonary gas exchange
and its determinants during sustained microgravity on Spacelabs SLS-1 and SLS-2." J. Appl.
Physiol., 79, 1290-1298 (1995).

Prisk, G.K, Guy, H.J.B,, Elliott, A.R., and West, ].B. "Inhomogeneity of pulmonary perfusion
during sustained microgravity on Spacelab SLS-1." I. Appl. Physiol., 76, 1730-1738 (1994).

Prisk, G.K., Guy, H.J.B., Elliott, A.R., Paiva, M., and West, J.B. "Ventilatory inhomogeneity

determined from multiple-breath washouts during sustained microgravity on Spacelab SLS-1." J.
Appl. Physiol., 78, 597-607 (1995).
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Development of the Fish Medaka in Microgravity

Principal Investigator:

Debra J. Wolgemuth, Ph.D. Phone: (212) 305-7900
Center for Reproductive Sciences Fax: (212) 305-6084

College of Physicians & Surgeons E-mail: djw3@columbia.edu
Black 1613 Congressional District: NY-15

Columbia University
630 West 168th Street
New York, NY 10032

Co-Investigators:

Dr. Carey R. Phillips Bowdoin College
Funding:
Project Identification: Solicitation: Unsolicited
Initial Funding Date: 1/95 Expiration: 12/97
FY 1995 Funding: $ Students Funded Under Research: 5§

Flight Information:
Flight Assignment: LMS, (STS-78, 1996)
Responsible NASA Center: Ames Research Center

Task Description:

The Life and Microgravity Spacelab (LMS) Space Tissue Loss-B ( STL-B) hardware will be used to test
the hypothesis that gravity is required for normal embryo development. Investigators will conduct
systematic evaluation of vertebrate development and growth using the fish Medaka as a model. The
Medaka is particularly suited to this experiment since it is a hardy fish, whose embryos tolerate reduced
temperatures well, allowing researchers to subject the embryos to low temperatures and slow
embryonic development. This provides more time to study each stage of vertebrate development and
maximizes the effects of microgravity on each stage. Also, the embryos are optically clear, which
allows investigators to visually examine molecular markers and the development of the internal organ
systems with the STL-B video system.

About two hours after fertilization, approximately six Medaka embryos will be isolated into each of six
optical chambers of the STL-B hardware. The embryos will be cooled to 12°C, which will slow
embryo development during preflight processing. Soon after the Shuttle achieves orbit, the
temperature will be increased, allowing development to continue, At predetermined intervals during the
mission, video microscopy will be downlinked to researchers on the ground. These downlinks are
planned to observe hey phases of Medaka development. Also, at specified intervals, embryos will be
fixed for postflight evaluation.

One of the reasons for selecting the fish Medaka as an ideal model for studying vertebrate development
in space is its ability to tolerate reduced temperatures during early embryogenesis. This has permitted
us to slow down early embryogenesis until the embryos would be exposed to microgravity. A series of
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temperature shift trials have been run to determine the appropriate temperatures in which to hold
Medaka embryos so that a minimal amount of development has occurred prior to arrival in
microgravity. The length of time the embryos are held in a slow developing state depends on the flight
hardware turnover time established for each particular flight.

Medaka fish embryos are also optically clear, allowing direct observation of embryonic development by
video-microscopy. As noted above, such instrumentation has been developed by our colleagues from
Walter Reed as part of the STL-B hardware. The STL-B hardware has flown experiments on the shuttle
on two separate occasions. The first, STS-59, was considered a hardware flight test. Medaka embryos
were flown on this mission and all systems checked out in terms of biocompatibility. In addition, we
were able to obtain good video images of the developing embryos during space flight. The second
flight, STS-70, provided the opportunity for another series of video observations and histological
examinations on the effects microgravity might have on the development of the Medaka. These
analyses are currently underway.

One of the direct molecular genetic analyses we have undertaken has been cloning of the Medaka
homeobox-containing gene Hoxa-4. A genomic clone of Hoxa-4 was isolated from a Medaka genomic
library, sequenced in entirety, and the putative promoter and coding regions deduced by their homology
with the mouse and chicken Hoxa-4 genes. We plan to use the Medaka Hoxa-4 gene as a marker of
embryonic development for analyzing the effect of microgravity stress on embryonic segmentation. To
this end, we are currently determining the expression pattern of Medaka Hoxa-4 during embryogenesis,
under normal conditions. Our preliminary Northern blot analysis of total RNA isolated from embryos
pooled at various stages of development reveals the expression of three transcripts of 6.5, 2.4 and 1.6
kb, first detected at stage 21, when the Medaka embryos have six to eight somites. The next series of
experiments will examine embryos at various stages of development by in situ hybridization.
Experiments are underway to determine the optimal fixation-embedding procedures for handling the
embryos at various stages. Our sequence analysis of the Medaka Hoxa-4 gene showed several sequences
conserved in mouse and chicken, suggesting a role in the regulation of Hoxa-4 pattern of expression.
These conserved regions, involving both promoter and intron regions (in addition to the coding regions)
will be used to drive expression of reporter constructs in a cross-species manner. Our initial analysis
has focused on the introduction of mouse sequences into the Drosophila and examining the expression
of the reporter constructs in embryos and imaginal disks. We plan to extend this analysis by
generating transgenic Medaka.

As noted above, we have been able to conduct initial experiments examining the effect of microgravity
on Medaka development on the STS-70 space shuttle flight, in July 1995. Video data from the
previous flight experiments have provided information on the rates and intensities of surface contraction
waves over the yolky portion of the early embryo. These contraction waves appear to be quite strong
and at the upper range of the normal range for embryos grown in 1-g environments. We are beginning
a detailed analysis of this phenomenon. On STS-70, two sets of 6 embryos were not fixed and returned
to Earth, to Dr. Wolgemuth's laboratory, together with the 6 embryos kept at KSC as ground controls.
The 18 embryos were maintained at 21-25°C under a 16/8 hours light/dark cycle and allowed to hatch.
The fry were transferred to larger tanks and grown. The first eggs were observed on November 10th in
the group #1 fish. We have now combined groups #1 and #2 to increase the chance of mating. Our
analysis to date with regard to swimming and mating behaviors and to body growth, suggest that the
young adults developed from embryos developing in microgravity appear normal. We will now assess
the developmental outcome of their progeny.

Given the growing opportunities for long-duration flights of human beings in space, it is crucial to
determine the effects of microgravity stress during space flights on the various aspects of human life.
One of the most fundamental aspects is reproduction. We still have little information about the
possibility of normal vertebrate reproduction in space. Given the inherent difficulties in mammalian
models in space flight investigations, we are undertaking the present studies using an alternative
vertebrate model, the fish Medaka. The basic hypothesis to be examined is that animal embryonic
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development, and neural development in particular, would be affected, potentially in a subtle but
biologically significant manner, by exposure to the environment of space, and further, that this
response may differ at different stages of embryonic and postnatal development of the animal.

It is commonly believed that some species make use of Earth's gravitational field as a positioning cue
during early embryogenesis. It is our intention to determine: 1) if embryos can develop normally
without such cues, 2) to determine if some stages of early embryogenesis are affected and 3) at which
point the affected stages regulate back to producing normal embryos. Through study of animal
development, the ultimate objective is to understand the potential effects on human embryonic
development and determine the risks on human reproduction induced by microgravity stress during long
lasting space flights. Our studies address aspects of fundamental biology concerning vertebrate
development at the molecular, cellular and physiological level, in the environment of microgravity.
Since the studies are conducted on vertebrates, the results can be more readily extrapolated to other
mammalian models, particularly humans. It is commonly accepted that normal development rests
largely on the embryo's ability to maintain a highly coordinated program, temporally and spatially, of
morphogenetic events. Interference with the normal program of development, that is, an alteration in
the carefully orchestrated cell-cell interaction, cellular migration, and cell death that should be occurring
during normal embryogenesis, could result in development abnormalities at morphological,
physiological, behavioral, and other levels. These abnormalities could be evident immediately or
might not be apparent until later in life. Animals that develop, are born, reared and reproduce in space
may exhibit profound or more subtle morphological, physiological, behavioral, and other changes, that
our experiments should help to evidence. In addition, our studies have the additional long term
potential of providing a vertebrate model for studies on the effects of others aspects of the flight
environment, including radiation, as Medaka fish has been used as a vertebrate (but non-mammalian)
test system for studying radiation-induced mutagenesis.

Publications, Presentations, and Other Accomplishments:

Crotty, D.A., A.L. Packer, T. Haerry, W.J. Gehring and D.J. Wolgemuth "Elements involved in the in
vivo regulation of Hoxa-4 expression."” EMBO Workshop on The Homeobox Genes in Development
and Evolution, Session VI, Ascona, Switzerland, 1995.

Wolgemuth, D.J. and A. K. Murashov "Models and molecular approaches to assessing the effects of
the Microgravity environment on vertebrate development.” Amer. Soc. for Gravitational and Space
Biol., Bulletin 8, 63-71 (1995).

Yost, H.J., C.R. Phillips, J.L. Boore, J. Bertman, B. Whalon and M.V. Danilchik "Relocation of

mitochondria to the prospective dorsal masrginal zone during Xenopus embryogenesis.” Devel. Biol.,
vol 170, 83-90 (1995).
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Role of Corticosteroids in Bone Loss during Space Flight

Principal Investigator:

Thomas J. Wronski, Ph.D. - Phone: (352) 392-4700
Department of Physiological Sciences Fax: (352) 392-5145

Box 100144, JHMHC Congressional District: FL-3
University of Florida

Gainesville, F.  23610-0144
Co-Investigators:

Dr. Bemard P. Halloran V.A. Hospital & Univ. of California, San Francisco
Dr. Scott C. Miller University of Utah
Funding:
Project Identification: Solicitation: AO-OSSA-84
Initial Funding Date: 9/93 Expiration: 8/97
FY 1995 Funding: $101,848 Students Funded Under Research: 1

Flight Information:
Flight Assignment: LMS (STS-78, 1996)
Responsible NASA Center: Ames Research Center

Task Description:

Corticosteroids are hormones produced by the cortex of the adrenal gland in response to stress, and their
overabundance inhibits the growth of bones and leads to loss of bone mass. In-flight blood samples
from astronauts and cosmonauts have revealed increased levels of plasma corticosteroids, particularly
cortisol, raising the question of whether the production of excess corticosteroids in response to the
stress of orbital flight may contribute to the human bone loss associated with space missions.

Twenty-four male rats will be the subjects in this experiment. Before and after the mission, data will
be gathered on their bone mass, levels of bone formation and resorption, and bone cell activity to
determine the effects of space flight. Each rat will be injected before the mission with a calcein label
that binds to the calcium on bone-forming surfaces. After the mission, scientists can determine how
much bone growth has occurred by measuring the amount of bone deposited over the label.

Adrenal glands of laboratory rodents exposed to extended weightlessness have shown evidence of
hypertrophy, an increase in size, which results in increased blood levels of corticosteroids. To
eliminate the source of corticosteroids, six of the flight rats (three per Animal Enclosure Module
(AEM) enclosure) will have had their adrenal glands removed a few days before launch. Then, these rats
will be implanted with hormone pellets that will release normal levels of corticosteroids into their
systems. The other six flight rats, with adrenal glands, are expected to experience adrenal enlargement
during the flight and an increase in corticosteroid output. A control group of 12 rodents, 6 of which
also have had adrenalectomies, will live in 2 identical AEMs on the ground while the Life and
Microgravity Spacelab (LMS) is in orbit.
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After the mission, blood and bone samples from both intact and adrenalectomized rodents, both flight
and ground populations, will be examined. Blood samples will be assayed for plasma corticosteroids,
and bone samples will be studied to identify whether any skeletal abnormalities have developed in the
flight rodents in the absence of corticosteroid excess.

The flight experiment is designed to determine whether maintaining serum corticosteroids at normal
levels will affect the bone changes that occur in the weightlessness of space. As a prerequisite for this
experiment, serum corticosteroids must be manipulated in rats by a combination of adrenalectomy and
supplementation with normal, physiologic levels of corticosteroids. Therefore, the focus of the
supporting ground-based studies was to develop expertise in this surgical procedure and to determine the
proper dose of corticosteroids for attaining physiologic serum levels of the hormones. The success of
adrenalectomy (ADX) was confirmed by radioimmunoassay which revealed undetectable levels of serum
corticosteroids in nearly all ADX rats. The first attempts to supplement ADX rats with physiologic
levels of serum corticosteroids with Alzet osmotic minipumps commercially available pellets were
unsatisfactory. These minipumps and pellets failed to release their hormonal contents at a constant
rate. We then synthesized our own pellets by dissolving corticosterone and aldosterone in cholesterol.
In a dose response study, it was determined that implanting ADX rats with pellets containing 35 mg of
corticosterone dissolved in 100 mg of cholesterol resulted in nearly constant, physiologic serum levels
of corticosterone (~50 ng/ml) for a 28 day period. Histomorphometric analyses revealed that the bones
from these animals were not different from those of sham operated control rats. Therefore, the
objectives of the supporting, ground-based studies have been largely fulfilled. More specifically, the
investigative team has developed expertise in adrenalectomy and the synthesis of corticosterone pellets
that maintain normal serum levels of the hormone when implanted in ADX rats.

The proposed research will contribute to a more complete understanding of the cause of bone loss
during space flight. Such an understanding is critical for the rational design of therapeutic regimens to
prevent bone loss in astronauts. This is an important consideration for maintaining the skeleton of
astronauts during long-term human occupancy of the International Space Station.
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Expression of Contractile Proteins in Microgravity

Principal Investigator:

Page A. Anderson, M.D. Phone: (919) 684-6027
Pediatric Cardiology Department Fax: (919) 684-4609

Box 3218 E-mail: ander@mc.duke.edu
Duke University Medical Center Congressional District: NC-12

Durham, NC 27710
Co-Investigators:

No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: 93-OLMSA-06
Initial Funding Date: 7/95 Expiration: 6/97
FY 1995 Funding: $67,867 Students Funded Under Research: 1

Flight Information:
Flight Assignment: NASA-Mir-1B, SLM-1A
Responsible NASA Center: Ames Research Center

Task Description:

The regulatory contractile proteins troponin T and I are of fundamental importance in the normal
physiological function of cardiac and skeletal muscle. For example, troponin T is essential for
calcium-dependent myofibrillar ATPase activity and force development. A carefully orchestrated
developmentally regulated change in the expression of the isoforms of troponin T and troponin I occurs
in cardiac and skeletal muscle. The troponin T and Troponin I isoforms have physiological and
biochemical importance. The isoforms alter these myofibril properties. The mechanisms that control
these regulated changes are not yet defined. '

The study of the effects of microgravity on troponin T and troponin I isoform expression in the quail is
most pertinent to the human. Bird and human demonstrate similar developmental changes in the
isoforms of these regulatory proteins in cardiac and skeletal muscle. Using microgravity as a
perturbation to alter the expression of these isoforms has the potential for revealing the systems that
alter gene expression and alternate splicing of the primary transcript in cardiac and skeletal muscle in
the human on Earth. A microgravity-induced interference in the normal development of troponin T
isoform expression could enhance or deleteriously affect the relation between myofibril isoform content
and calcium transient. Microgravity-induced changes in expression of the troponin T and I isoforms in
ovo may mimic the effects of microgravity in the amniotic fluid cushioning milieu in utero, making
the avian results relevant to human development in space. In human heart disease, cardiac troponin T
isoform expression is altered. These changes in expression are correlated with changes in myocardial
function as described by myofibrillar ATPase activity. Understanding the mechanisms through which
isoform expression is regulated may provide a mechanism through which gene and isoform expression
can be altered in the patient with heart disease. Furthermore an understanding of the basic processes
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that control cardiac and skeletal muscle can be achieved. This understanding may prove useful in the
treatment of human disease.

A working relationship between the Russian and the American scientists was established. We have
now worked together in a collaborative effort to dissect quail embryos at different stages of
development. Using tissues primarily from the ground-based controls, our laboratory has successfully
developed and applied an approach to purify messenger RNA from fixed cardiac and pectoral skeletal
muscle. The protocols for reverse transcription-polymerase chain reaction (RT-PCR) are now being
established that will be used to identify the expression of the cardiac troponin T isoforms and the
cardiac and slow skeletal muscle troponin I genes. We have successfully used primers based on the
rabbit cardiac complementary DNA sequence to generate two appropriately sized RT-PCR products of
the cardiac Troponin T isoforms from the fixed tissue that was dissected from the embryo by the
Russian and American scientists. The continued development of these protocols will allow us to
successfully determine if microgravity alters the expression of these isoforms during embryonic
development.

This proposal aims to examine in Japanese quail the effect of microgravity on the developmentally
programmed expression of troponin T and troponin I isoforms, two sarcomeric thin filament proteins
that regulate cardiac and skeletal muscle contraction. A similar developmental profile in the expression
of these proteins occurs in the human and the bird. We hypothesize that microgravity will alter the
pattern of expression of slow skeletal muscle and cardiac troponin I in cardiac muscle and those of the
cardiac and skeletal muscle troponin T isoforms. Cardiac and pectoralis or wing bud tissue will be
harvested from 1) flight group, eggs laid on earth and fixed in space at gestational ages of 7, 10, 14,
and 17 days: 2) time delayed synchronous animal group (a control group sacrificed to mirror the flight
group): and 3) laboratory control eggs. Reverse transcription-polymerase chain reaction (RT-PCR) will
be used to amplify isoform-specific sequences, using primers synthesized on the basis of their
published cDNA sequences. The PCR products will be cloned and sequenced to identify isoform-
specific products. Since alternative RNA splicing is the basis of the troponin T isoforms and the
cardiac and slow skeletal muscle troponin I genes have shared sequences, competitive reactions and
single pairs of primers will be used to quantify changes in the relative amount of one isoform to
another during development. Two-way analysis of variance will be used to test for the effect of
microgravity. Given the similarity of the developmental programs in human and bird, the results of
this study will be relevant to human development and function in space.

Publications, Presentations, and Other Accomplishments:

Anderson, P.A.W. "The Immature and the Adult Heart so alike, yet so different.” Pediatric Grand
Rounds, New York University Medical Center, New York, NY, May, 1995.

Anderson, P.A.W. "Cardiac Troponin T Isoform Expression: Functional Implications.” Research
Seminar, New York University Medical Center, New York, NY, May 1995.

Anderson, P.A.W. "no title." Cardiology Grand Rounds, Department of Medicine, Albert Einstein
College of Medicine, New York, NY, August 1995.

Anderson, P.A.W. "no title." Pediatric Grand Rounds, Duke University Medical Center, Durham,
NC, August, 1995. |

Anderson, P.A.W., Greig, A., Mark, TK.M., Malouf, N.N., Oakeley, A.E., Ungerleider, R M., Allen,

P.D., Kay, B.K. "Molecular basis of human cardiac troponin T isoforms expressed in the developing,
adult, and failing heart." Circ Res, 76, 681-686, 1995.
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Greig, A., Hirschberg, Y., Anderson, P.A.W., Hainsworth, C., Malouf, N.N., Oakeley, A.E., Kay,
B.K. "Molecular basis of cardiac troponin T isoform heterogeneity in rabbit heart." Circ Res, 74, 41-
47, 1994,
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Environmental Radiation Measurements on Mir Space Station

Principal Investigator:

Eugene V. Benton, Ph.D. Phone: (415) 666-6281
Physics Department Fax: (415) 666-2469
University of San Francisco E-mail: evb@physics.usfca.edu

2130 Fulton Street Congressional District: CA-8
San Francisco, CA 94117 .

Co-Investigators:

A. L. Frank, M.S. University of San Francisco
R. P. Keegan, M.S. University of San Francisco
E. R. Benton, B.S. University of San Francisco
V. M. Petrov, Ph.D. Institute of Medical & Biological Problems, Moscow,
Russia
Funding:
Project Identification; FBI 3 and FBI 4 Solicitation: 94 OLMSA-01
Initial Funding Date: 5/95 Expiration: 5/98
FY 1995 Funding: $200,000 Students Funded Under Research: 4

Flight Information:
Flight Assignment: NASA-Mir-1B

REsponsible NASA Center: Johnson Space Center

Task Description:

Exposure of crew, equipment and experiments to environmental radiation during extended space
missions such as space station habitation and planetary exploration poses complex scientific and
technological problems which need to be resolved before accurate prediction of accumulated doses and
adequate radiation protection can be achieved. The development of environmental cosmic ray and trapped
radiation models and of computer codes for propagation of radiation through matter is essential to the
space radiation protection effort, so that dose rates in spacecraft can be predicted from orbit, date and
duration of flight and the physical attributes of the spacecraft. Detailed experimental mapping of the
space radiation environment is necessary for comparisons with and rectification of the predictive models
and codes. The NASA-Mir Program provides an opportunity to extend the present database of
U.S.measurements of the space radiation environment to the 51.6 degree inclination of the Mir space
station orbit. Since the U.S./International space station is likely to occupy a similar orbit, radiation
measurements on Mir can also be used for extrapolation of dose rates to the U.S. space station
environment. Intercomparisons of U.S. and Russian space radiation measurements from both passive
and active detectors are needed to determine the equivalence between different instruments and
techniques. Project 1-Internal is a three year program to perform a systematic series of passive radiation
detector exposures on Mir. Concurrent measurements of absorbed dose, LET spectra (LET >5
keV/micron in water) will be made inside Mir. In Project 2-External, depth dependence of absorbed dose
and LET spectra will be measured under thin shielding with dosimeter stacks on the external surface of
the Mir. The internal measurements will be compared with measurements from Russian dosimeters and
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the JSC-TEPC active microdosimeter, exposed in the same location, and all measurements will be
compared with calculations made for similar conditions by the currently available space environment
and radiation transport models. The combination of internal and external measurements will yield
details information on shielding effectiveness in the 51.6 degree orbit. The systematic series of
measurements made during the approach of solar minimum (Sept. 1997), will measure solar cycle
effects on environmental radiation levels and include the maximum doses of galactic cosmic rays for
this cycle.

Six Area Passive Dosimeter (APD) packages for deployment inside the Mir Core and Kvant 2 modules
during NASA-2 have been assembled and shipped to JSC for integration in STS-76. Fabrication of the
External Dosimeter Array (EDA) hardware for exposure outside Mir on NASA-3 is underway.

+ Measure mission dose equivalent rates and LET spectra using passive dosimeters on NASA-2 and 3.

» Map internal radiation environment of Mir using Area Passive Dosimeters (APDs) located in
different Mir modules (Core and Kvant-2).

« Determine radiation environment external to Mir with measurements of depth dependence of dose and
LET spectra on the outer surface of Mir.

« Measure shielding effects of Mir using combined internal and external dosimeters.

+ Intercompare dose equivalents and LET spectra measured by active (JSC-TEPC) and passive (PTNDs,
TLDs) dosimeters.

« Intercompare U.S.and Russian dosimeters.

+ Compare experimental and calculated dose equivalents and LET spectra for rectification of
environmental models of trapped and GCR particle spectra and of codes used for propagation of
radiation through matter.

Publications, Presentations, and Other Accomplishments:

Badhwar, G.D., Atwell, W., Benton, E.V., Frank, A.L., Keegan, R.P., Dudkin, V.E., Karpov, O.N,,
Potapov, Y., Akapova, A.B., Magradze, N.V., Melkumyan, L.V., and Rshturi, S.B. "A study of the
radiation environment aboard the Space Shuttle flight STS-57." Rad. Meas., vol. 24, no. 3, 283-289
(1995).

134



II. Program Tasks — Flight Research

Discipline: NASA-Mir-1B

Adaptive Changes in Cardiovascular Control at uG

Principal Investigator:

C. G. Blomgvist, M.D., Ph.D.

Division of Cardiology

Mail Code H8, 122

Univ. of Texas Southwestern Medical Center
5323 Harry Hines Boulevard

Dallas, TX 75235-9034

Co-Investigators:

Benjamin D. Levine, M.D.
Cole A. Giller, M.D.
Lynda D. Lane, M.S,, R.N.
Geralyn M. Meny, M.D.
Francis A. Gaffney, M.D.
James A. Pawelczyk, Ph.D.

Phone: (214) 648-3425

Fax: (214) 648-2036

E-mail: blomqvist@utsw.swmed.edu
Congressional District: TX-3

Institute for Exercise and Environmental Medicine
University of Texas Southwestern Medical Center
University of Texas Southwestern Medical Center
University of Texas Southwestern Medical Center
Vanderbilt University

Pennsylvania State University

Funding:
Project Identification: E712
Initial Funding Date: 1/95
FY 1995 Funding: $19,890

Flight Information:

Solicitation: 94 OLMSA-01
Expiration: 11/98
Students Funded Under Research: 0

Flight Assignment: NASA Mir Program Incr. 6 & 7 (MIR-25 & 26, NASA-6 & 7)

Responsible NASA Center: Johnson Space Center

Task Description:

The present experiment shares a common approach with our experiment "Integration of Neural
Cardiovascular Control in Space,” scheduled for Neurolab (1998).

The broad objective of this experiment is to explore and define the mechanisms by which the
autonomic nervous system regulates the circulation to support tissue perfusion, particularly in the
brain, during adaptation to microgravity and readaptation to 1G. The primary hypothesis is that
adaptation to the unique environment of microgravity minimizes the dynamic demands on the
cardiovascular neural control. The level of physical activity is decreased, and no postural adjustments
are required. This regulatory environment is likely to degrade important control mechanisms.

The experimental design represents an integrated approach to the testing of this primary hypothesis.
The following questions will be answered: 1. Does efferent sympathetic nerve activity increase
appropriately in response to baroreflex and non-baroreflex-mediated stimuli after space flight? 2. Can
integrated clinical tests of autonomic function detect functional impairment and can they be used to
characterize the time course of adaptation to microgravity? 3. Does regulation of the cerebral circulation
change in parallel with or independent of the regulation of the systemic circulation? 4. Can advanced
mathematical models of neural control including both linear and non-linear dynamics be developed to
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gain insight into the integration among neurocirculatory variables and control mechanisms? A series of
well-defined physiological stimuli has been defined, including lower body negative pressure, a cold
pressor test, isometric exercise, Valsalva and controlled breathing. Responses are characterized by
multiple measurements including heart rate, continuous finger arterial pressure and direct recording of
muscle sympathetic nerve traffic. The U.S. Mir experiments will enable us to extend the Neurolab
observations to flights of long duration.

Detailed protocols have been developed for pre-, post-, and in-flight studies. The experiment team has
visited Moscow and Star City and has had extensive discussions with Russian colleagues and space
agency officials.

Instrumentation is being developed in collaboration with JSC. A parallel experiment is being planned
for the German flight Mir '96 with Dr. Friedhelm Baisch, DLR, Cologne as principal investigator and
the University of Texas Southwestern Medical Center group as Co-I's.

The experiment will provide new data on human cardiovascular control mechanisms. Orthostatic
hypotension is a common and important condition in astronauts early after return from space and is
also a common clinical problem. The experiment is likely to provide new and specific information on
pathophysiological mechanisms which is highly relevant to both general clinical practice and to flight
medicine.
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Flight Information:
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Responsible NASA Center: Johnson Space Center

Task Description:

In the microgravity environment of space flight, the relationship between sensory input and motor
output is altered. During prolonged missions, neural adaptive processes come into play recalibrating the
central nervous system to permit new sensory-motor strategies to emerge in the novel sensory
environment of microgravity, However, the adaptive state achieved on orbit is inappropriate for a 1-g
environment leading to postural and gait instabilities and disorientating illusions of self and surround
motion during head movement on return to Earth.

Sensory inputs from the vestibular, proprioceptive, visual, and deep pressure systems are used to
modify the basic central nervous system scheme to produce appropriate gait patterns for each situation.
Interlimb coordination and movement of the head-trunk ensemble require integrated muscle activity
patterns of relaxation and contraction of the leg. Current investigations clearly demonstrate that during
walking and running the head is stabilized with respect to the Earth's vertical in a very precise fashion.
This suggests that postural and gait motor control strategies are organized around achieving the goal of
head stabilization thus ensuring gaze stability and the maintenance of visual acuity during locomotion.
Extended exposure to microgravity may exacerbate gait, head and gaze instabilities during readaptation
to a 1-g environment resulting in slower acquisition of terrestrial locomotor strategies.
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The general objectives of the proposed research are to: 1) characterize pre and postflight eye-head-trunk
coordination during treadmill locomotion; 2) Define the pre- and postflight energy transfer between the
lower limbs and the head, lower limb kinematics and muscle activation patterns during overground
locomotion.

To accomplish these objectives crew members will perform two separate locomotion tasks: 1)
walking and running on a motorized treadmill, and 2) unrestrained overground locomotion. During the
treadmill locomotion, task targets will be placed at different distances from the subject for visual
fixation. A video-based motion analyzing system and accelerometers will be used to measure head and
body movement while standard DC-electrooculographic (EOG) recording methods will be used to
measure eye movements. Muscle activation pattemns will be determined by recording electromyographic
(EMG) signals from the muscles of both legs.

This first flight opportunity for this study is Mir-21 which launches on February 21, 1996 and returns
on July 25, 1996.

Summary of Progress

1) Integration of video motion analysis system with force plate, accelerometer, electromyographic
(EMGQG) and electrooculographic (EOG) data acquisition systems (see below for details).

2) Set-up and test of hardware in Star City, Russia.

3) Preflight data collection #1, Sept. 95, Star City, Russia.

4) Preflight data collection #2, Jan. 96, Star City, Russia.

Hardware Integration Summary

Significant locomotor and postural equilibrium disturbances frequently occur after space flight.
Previous investigations have typically assessed how specific sensory-motor sub-systems adapt to
weightlessness and return to 1-g. While this approach has yielded significant gains in our
understanding of the adaptation process, the development of an integrated data acquisition system will
allow for the investigation of the interaction and synergies of the various sub-systems used to produce
coordinated movement strategies during locomotion. Simultaneous collection of the many variables
necessary to perform a comprehensive investigation of these locomotor strategies after space flight
involves the integration of multiple data acquisition systems. We have developed a data acquisition
strategy which allows us to obtain continuous measurements of various kinematic, kinetic, and
physiological variables during protocols involving overground and treadmill locomotion during visual
target acquisition. We are implementing this strategy with Experiment 644.

During the locomotion protocols the following data are collected: 1) three-dimensional full-body
segmental kinematics using video motion analysis, 2) triaxial shank and head accelerations, 3) surface
electromyography (EMG) from the neck, trunk, and right lower limb, 4) vertical and horizontal eye
movements using DC-electrooculography (EOG), 5) heel strike and toe off using foot switches, 6)
ground-reaction forces during overground locomotion, and 7) dynamic visual acuity measures during
treadmill walking. The following equipment is integrated to form the data acquisition system: 1) a
six camera, high resolution video motion system (Motion Analysis Corp. Santa Rosa, CA), 2) two
triaxial accelerometers (Entran Sensors & Electronics Fairfield, NJ), 3) a seven-channel pre-amplified
surface EMG amplifier system (Therapeutics Unlimited, Davenport, IA), 4) a two-channel Denver
University EOG amplifier, 5) eight pressure-activated foot switches (MotionLab Systems Inc. Baton
Rouge LA), 6) a Biomobile force plate (Kistler Instruments, Amherst, NY), and 7) a motor-driven
treadmill (Quinton Instrument Co. Seattle, WA).

The data are simultaneously collected using commercially available data acquisition software and A/D
boards on two PCs and a Sun Workstation. The onset of data collection is synchronized with the use
of a sync pulse generated by the Motion Analysis acquisition software. Since experimental objectives
mandated that high resolution, full-body kinematics be collected during both overground locomotion
and treadmill locomotion in a short postflight testing period, it was necessary to minimize transition

139



II. Program Tasks — Flight Research Discipline: NASA-Mir-1B

time between the two protocols. This was accomplished by precise positioning of the 6 cameras such
that the resolution was maximized in both configurations and minimal camera movement was required
to reconfigure. This setup was successfully implemented and used to collect baseline data on subjects in
Star City, Russia.

This investigation is one component of an integrated program of Neuroscience experiments being
conducted at the Johnson Space Center designed to examine microgravity-induced adaptive modification
of spatial orientation and motion perception processes, gaze control mechanisms, postural and
locomotor control. These investigations are aimed at determining the magnitude and time constants of
adaptation to microgravity and readaptation to Earth gravity as a function of space flight mission
duration.

Performing this investigation following extended stays on the Mir (90 and 180 days) will serve to
significantly supplement our present short-term Shuttle data set. Importantly, it will provide a
measure of long-term adaptive changes in locomotor control that will help us further understand and
interpret the results obtained following relatively short microgravity exposures on Shuttle flights.

In addition to addressing crew health and safety, this research will also further our understanding of
clinical gait syndromes. NASA and the National Institute of Aging (NIA) have recently entered into a
collaborative agreement to pursue research topics of common interest. Both the aged population and
returning space travelers experience postural and gait instabilities. However, in the case of returning
astronauts, observed adaptive changes are truly plastic as they resolve themselves following interaction
with the terrestrial 1-G environment (at least for flights of up to 14 days in duration). Alternatively, in
the aged population postural and gait instabilities may persist surpassing the ability of the CNS to
adapt and compensate for dysfunction. However, as we investigate adaptive changes associated with
flights of longer duration, we may find changes that are not fully reversible. Understanding how the
CNS adapts to change and exploring the limits and range of plastic modification, whether it is aging or
lack of a gravity vector, is central to the NASA/NIA collaborative effort.

The development of unique research protocols like the ones that have been developed in this study can
be used by clinicians to evaluate rehabilitation techniques for patients with balance and gait disorders.
Development of this new technology can lead to the establishment of worldwide clinical vestibular
testing norms that can be used in medical facilities. In addition, this research can lead to the
formulation of models of neural activity based on known pathways and substrates. These models can
be used to make predictions about response properties and transfer effects of a variety of motor
subsystems following exposure to microgravity or as a predictive tool in clinical conditions.
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Autonomic Mechanisms During Prolonged Weightlessness
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Task Description:

The broad objective of this research is to explore and define the mechanisms by which the autonomic
nervous system regulates circulation to support tissue perfusion, particularly in the brain, during
adaptation to microgravity and readaptation to the 1-G environment. The proposal for an integrated
research program by the Autonomic Control Team has three complementary main goals. First, we
will determine, in a definitive way, the adaptive changes in the autonomic nervous system during long
term (about 20 weeks) space flight and we will utilize this information to obtain insights into various
mechanisms that underlie the observed integrated autonomic output. Second, we will determine the
adaptive responses (mediated by the autonomic nervous system) through which organ perfusion is
maintained during space flight. Third, we will examine the consequences immediately following space
flight of any adaptation of the autonomic nervous system that has taken place during space flight,
particularly on the various integrated pathways that respond to orthostatic stress in a gravitational field.
Tests to be performed include controlled frequency breathing, quantitative Valsalva maneuver, isometric
exercise, cold pressor, graded lower body negative pressure and head-up tilt. We believe that
information from these tests can provide insights into the adequacy of afferent input, central processing,
and sufficiency of neural and vasomotor responsiveness.

Adaptations that occur at microgravity may physiologically become highly significant after return to
the 1-G environment. There are compelling general scientific reasons to take advantage of the access to
microgravity to study the dynamic aspects and integration of neural regulation of the cardiovascular
system. The unique environment of space with the absence of hydrostatic gradients and the reduction in
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the overall level of physical activity drastically alters the operating conditions of the circulatory
system. Analysis of the effects of microgravity on specific aspects of neural regulatory mechanisms as
proposed in the present study has the potential to produce new information on properties of
physiological control mechanisms.

During the past year, much progress has been made regarding the organizational aspects of this
complicated project. Experimental integration with other members of the Autonomic Control Team is
complete. Inflight hardware has been defined, and steps have been taken to test the equipment
astronauts will be asked to use during flight. One of the team’s primary concerns (the measurement of
cerebral blood flow in space), is close to being resolved. Ground-based studies designed to address
specific scientific aspects of each experimental protocol are currently underway.

This research will inform issues of great physiological and pathophysiological interest. First, it should
improve understanding of a basic physiological mechanism: human cardiovascular autonomic responses
to standing upright. Second, it should improve understanding of pathophysiological mechanisms of
enormous public health significance. For example, hypertension, which afflicts over 60 million
Americans, is associated with impairment of autonomic cardiovascular control. Another example is
acute myocardial infarction and a closely related problem, sudden cardiac death. Sudden cardiac death is
the largest cause of death in developed countries; the number of people who die suddenly of catastrophic
dysrhythmias dwarfs the number of people who die of other public health problems, including AIDS,
which attract much more media attention and research funding. In cardiac patients, abnormal autonomic
cardiovascular control (as reflected by impairment of baroreceptor-cardiac reflexes and reduced heart rate
variability) indicates which patients are at greatest risk for subsequent cardiac events. Therefore,
understanding of how autonomic cardiovascular control mechanisms become impaired may be very
important. It is the nature of human research that patignts with pathologic conditions are not evaluated
before they become ill. (Physicians who would study such patients do not know who will become ill.)
Therefore, astronauts present a great opportunity: they can be studied before space missions when they
are normal, in space, as they become abnormal, and after return to Earth as they become normal again.
Such longitudinal evaluation of patients is not possible,
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Effects of Gravity on Insect Circadian Rhythmicity

Principal Investigator:

Tana M. Hoban-Higgins, Ph.D. Phone: (916) 752-9701
Section of Neurobiology, Physiology, Behavior Fax: (916) 752-5851
University of California, Davis E-mail: tmhoban®@ucdavis.edu
Davis, CA 95616 Congressional District: CA-3

Co-Investigators:

Charles A. Fuller, Ph.D. University of California, Davis

Gary T. Wassmer, Ph.D. Vanderbilt University

Alexei Alpatov, Ph.D. Institute of Biomedical Problems, Moscow
Funding:

Project Identification: Solicitation: 94 OLMSA-01

Initial Funding Date: 11/94 Expiration: 9/97

FY 1995 Funding: $164,128 Students Funded Under Research: 1

Flight Information:
Flight Assignment: NASA-MIR-1B
Responsible NASA Center: Ames Research Center

Task Description:

The circadian timing system (CTS) coordinates temporal aspects of physiology and behavior.
Disruptions in circadian timing not only adversely affect an organism's ability to respond to
environmental challenges, but also decrease performance and contribute to psychological disorders in
humans. Previous space flight experiments have shown that microgravity profoundly affects the
circadian timing system of both vertebrates and invertebrates. Ground experiments have also shown
that hyperdynamic fields produced by centrifugation influence the circadian system of several groups of
living organisms. This research program will examine the effect of altered gravitational fields
(microgravity via space flight and hypergravity via centrifugation) on the CTS of black-body bectles
(Trigonoscelis gigas). We will examine changes in the endogenous period, mean level, and rhythmic
characteristics produced by prolonged exposure to altered gravitational environments. Subsequent
experiments will study the effects of altered gravity on the response of the insect CTS to: 1) light, 2)
gravity pulses, and 3) 1G via centrifugation during space flight. The data from these studies will
significantly add to our understanding of the role of gravity on this fundamental physiological system.
Further, these experiments on this simple biological system would likely suggest future experiments
to increase our understanding of issues relating to biomedical problems of space flight.

During this initial phase of these studies, the investigators met to discuss and plan the details of the
first flight protocols, with the assistance of personnel from NASA Ames Research Center (ARC).
These discussions included definition and refinement of the hardware for flight and ground studies, the
schedule of the experiments, a timetable for the project and methods to ensure coordination of activities
at our three institutions (University of California Davis, Vanderbilt University & The Institute for
Biomedical Problems). After obtaining USDA approval, 50 Trigonoscelis gigas were transported from
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Moscow to the two labs of the U.S. investigators. At Vanderbilt University, using these imported
beetles, Dr. Wassmer is conducting experiments examining their activity rhythms and comparing them
with other Tenebrionid beetles. At the University of California, Davis, Dr. Hoban-Higgins is
conducting experiments which will establish the light characteristics necessary for entrainment and
phase shifting this species. Thus far, we have been able to record robust rhythms from these animals
using the hardware supplied by ARC. Rhythms have been recorded in a 24-hour light/dark schedule,
constant light and constant darkness. The lighting device used in these studies has been green LEDs.
These were chosen for their low power requirements and the quality of the light they emit; the spectrum
of the light from an LED does not change as the unit ages, unlike other light sources. These studies
have been designed to support the first flight experiment which is scheduled to occur in August-
December of 1996. In addition to the flight experiment, we will be conducting a delayed synchronous
ground control experiment at UC Davis.

Biological clocks are ubiquitous in living organisms. They are found in every eucaryote thus far
examined. Although the first biological rhythms experiment was performed in 1729, it is only in the
last 50 years that interest in the study of biological rhythms has grown rapidly. The circadian timing
system (CTS) is responsible for the temporal coordination of physiological and behavioral functions
both internally, i.e. with each other, and with the external environment, i.e. the 24-hour day. As such,
the circadian timing system influences almost all physiological and behavioral functions. Humans had
been thought to be unaffected by external light-dark cycles. However, we now know that sufficiently
bright light will suppress human melatonin secretion and cause both entrainment and phase shifts of
human circadian rhythms. This, coupled with the discovery of various chronobiologic disorders in
humans has increased interest in circadian rhythm research. The CTS has been implicated in such
phenomena as jet-lag, the problems associated with shift work, delayed sleep phase insomnia and some
forms of depression. Altered circadian rhythms are also seen in aged humans and laboratory animals.
Alterations include changes in period, phase relationships and decreases in rhythm amplitude. These
changes, coupled with our aging population, increase our need for an understanding of basic circadian
physiology. Circadian function is affected by altered gravitational environments including the
microgravity of space flight and hyperdynamic fields produced by centrifugation. Changes in the
amplitude, period, waveform, phase relationships and mean level of rhythmic variables have been
reported. Alterations in circadian function can have deleterious effects upon an organism. Upon
prolonged exposure to hyperdynamic fields, rthythmic functions recover back towards, but do not attain,
precentrifugation levels. While microgravity is known to affect the CTS, the response of the CTS to
prolonged space flight has not been examined. These studies will characterize the effects of long term
microgravity on circadian function in a simple organism, the black bodied beetle, Trigonoscelis gigas.
These experiments could suggest future experiments on higher organisms (including humans) and
increase our understanding of biomedical problems associated with space flight.
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Massachusetts Mental Health Center
Harvard Medical School

74 Fenwood Road

Boston, MA 02115

Co-Investigators:
Robert Stickgold, Ph.D.

Phone: (617) 734-1300 (ext. 316)
Fax: (617) 734-7851

E-mail: hobson@ harvarda.harvard.edu
Congressional District: MA-8

Harvard Medical School, MA Mental Health Research
Corp.

Funding:
Project Identification: E639¢
Initial Funding Date: 7/95
FY 1995 Funding: $7,500

Flight Information:
Flight Assignment: NASA-Mir-1B

Solicitation: 94 OLMSA-01
Expiration: 9/98
Students Funded Under Research: 4

Responsible NASA Center: Johnson Space Center

Task Description:

Optimal human performance depends upon integrated sensorimotor and cognitive functions, both of

which are known to be exquisitely sensitive to loss of sleep. Under microgravity conditions,
adaptation of both sensorimotor (especially vestibular) and cognitive functions (especially orientation)
must occur quickly and be maintained despite any concurrent disruptions of sleep that may be caused by
microgravity itself or by the uncomfortable sleeping conditions of the spacecraft. It is the three-way
interaction among sleep quality, general work efficiency, and sensorimotor integration that we propose
to study in astronauts and cosmonauts participating in the U.S./Russian Mir Program from 1995
through 1997.

To record sleep, we will utilize a novel system called the Nightcap that we have developed and
extensively tested on normal and sleep-disordered subjects. To perturb the vestibular system in ground-
based studies, we will utilize "minifying" and reversing goggle paradigms that have been extensively
studied in relation to plasticity of the vestibulo-ocular reflex. We will test the hypothesis that
vestibular adaptation both provokes and is enhanced by REM sleep under both ground-based and space
conditions.

Since beginning work in mid-July of this year, we have been proceeding through the ED and CDR

phases of the project. During this time, our efforts have been devoted to finalizing hardware and
software design and production.
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Optimal human performance depends upon integrated sensorimotor and cognitive functions, both of
which are known to be exquisitely sensitive to loss of sleep. Under microgravity conditions,
adaptation of both sensorimotor (especially vestibular) and cognitive functions (especially orientation)
must occur quickly and be maintained despite any concurrent disruptions of sleep that may be caused by
microgravity itself, or by the workload or uncomfortable sleeping conditions of the spacecraft. It is the
three-way interaction among sleep quality, general work efficiency, and sensorimotor integration that
we propose to study in astronauts and cosmonauts participating in the U.S./Russian Mir Program.

Recently, a further proposal has been advanced; not only does sleep enhance performance by preventing
attentional lapses (a protective function), but it actually serves to promote the retention or
consolidation of previously learned material (a conservative function). This second, stronger form of the
theory is related to the hypothesis of vestibular-proprioceptive plasticity. It is supported by the
preliminary findings of Karni and Sagi, which indicate that new visual discriminative learning is
retained if and only if sleeping subjects enter REM. If neocortically-mediated visual learning also
proves to be REM sleep-dependent, then the plasticity-adaptation concept would have relevance not
only to the space context but to plasticity enhancement in any context. Microgravity might then be
viewed as a particularly potent test of the hypothesis that vestibular-mediated plasticity alters (and is
altered by) REM sleep. Hence, we will test the hypothesis that vestibular adaptation both provokes
and is enhanced by REM sleep under both ground-based and space conditions.

In our early time-lapse photographic and video studies, we established the strong temporal correlation
between major posture shifts and sleep stage transitions. Under normal gravity, all humans make on
average two major posture shifts per 90 minute sleep cycle: one tends to occur just before REM onset,
the other at REM offset. During the intervening NREM and REM periods, major posture shifts are
rare, although limb and head movements are observed. It is not known whether either the major
posture shifts or head and limb movements are gravity sensitive, but it would not be surprising to find
that they are. Indirect evidence comes from astronaut reports of bizarre sleep postures in space and of
persistent limb elevations on awakening from post-flight sleep. Thus, gravity and microgravity may
exert differential effects upon sleep posture, and these may, in turn, affect the quality and quantity of
sleep and even of dreaming.

Since formulating the Activation-Synthesis Hypothesis of Dreaming in 1977, our group has developed
a set of quantitative probes which measure formal aspects of dream cognition, including the illusion of
movement. Our early work showed that dreaming subjects perceived themselves to be constantly
moving through the dream space, a finding which we have recently confirmed and extended. In this and
other recent work, we have shown that these dream features are REM-sleep based. One particularly
interesting feature of dreamed movement (which we call "fictive" because it is illusory) is its
"vestibular” content. This feature is prominent in reports and involves sensations of floating,
swimming, sailing, flying, spinning, twitching, or turning, which dreamers generally regard as
exciting or pleasurable. To our knowledge, this dream feature has never been quantified and therefore
never measured in subjects before and after exposure to shifts in vestibular input such as those of
microgravity.

As the vestibular system is initially perturbed by entry into microgravity, is the illusion of dreamed
movement changed? Can this change be tracked as adaptation occurs? What new baselines are
established under prolonged exposure? Finally, what is the sequences of changes when subjects re-enter
gravity? We see prolonged space flight in the Mir Laboratory as an ideal setting to assess vestibular
adaptation via its effects upon the experience of fictive movement in REM sleep dreaming.

This study will provide new information on sleep in space. It will provide the most extensive

recording of sleep over prolonged exposure to microgravity yet obtained, the first collection of dream
reports from space, and correlate changes in dream mentation, specifically fictive motor activity, with
changes in sleep and adaptation to microgravity. It will also permit the correlation of any changes in
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REM duration or REM density with the process of adaptation to microgravity and, upon return to
Earth, with re-adaptation to normal gravity.
Publications, Presentations, and Other Accomplishments:

Ajilore, O, Stickgold, R., Rittenhouse, C., and Hobson, J.A. Nightcap "Laboratory and home-based
evaluation of a portable sleep monitor.” Psychophysiology, 32, 92-98 (1995).

Datta, S. and Hobson, J.A. "Suppression of ponto-geniculo-occipital waves by neurotoxic lesions of
pontine caudo-lateral peribrachial cells.” Neuroscience, 67 (3), 703-712 (1995).

Stickgold, R. and Hobson, J.A. "Home monitoring of sleep onset and sleep onset mentation using the
Nightcap. In: Sleep Onset: Normal and Abnormal Processes.” Edited by: Ogilvie, R. and Harsh, J.
APA Books: Washington DC, pp 141-160, 1995.

Stickgold, R., Neri, D.F., Pace-Schott, E., Juguilon, A., Czeisler, C.A., and Hobson, J.A. "Nightcap
detection of decreased vigilance.” Sleep Research, 24, 500 (1995).
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Crew Member and Crew-Ground Interactions During NASA/Mir

Principal Investigator:

Nick Kanas, M.D. Phone: (415) 750-2072
Psychiatry Service Fax: (415) 502-7296

Mail Code 116A E-mail: nick21@itsa.ucsf.edu
Veterans Affairs Medical Center, San Francisco Congressional District: CA-8
4150 Clement Street

San Francisco, CA 94121
Co-Investigators:

Charles Marmar, M.D. Univ of Calif., San Francisco; VA Medical Center

Daniel Weiss, Ph.D. Univ of Calif., San Francisco; VA Medical Center
Funding:

Project Identification: E628 Solicitation: 94 OLMSA-01

Initial Funding Date: 9/95 Expiration: 9/98

FY 1995 Funding: $10,000 Students Funded Under Research: 0

Flight Information:
Flight Assignment: NASA-Mir-1B

Responsible NASA Center: Johnson Space Center

Task Description:

During future space missions involving a space station or a trip to Mars, international crews will be

engaged in complicated activities over long periods of time. A number of interpersonal issues likely to

impact on these missions must be addressed in order to ensure healthy crew member interactions and
optimal performance. A review of the literature of space analog studies on Earth, anecdotal reports
from previous space missions, and the principal investigator's own work involving astronauts and
cosmonauts have isolated crew tension, cohesion, and leadership as important interpersonal issues.

The objectives of this study are to measure and characterize changes over time in a number of important

interpersonal factors, such as tension, cohesion, leadership role, and the relationship between space
crews and monitoring personnel on Earth. These objectives will be assessed during the NASA/Mir
missions by having both the crew members and personnel in ground control complete subscales from
three standard mood and interpersonal group climate questionnaires: Profile of Mood States, Group
Environment Scale, and Work Environment Scale. Along with a critical incident log and an
experiences questionnaire, these measures will be competed on a weekly basis pre-mission, during the
mission, and post-mission. By using an interrupted time-series analysis and a number of predicted
correlations, a test of the hypotheses related to the objectives of our study will be made and discussed.
There are no results to report for the FY9$ period since funding for this study began during the last
week of FY95 and the missions under study have not yet been launched.

Task progress for this period consists of initial start up activities such as grant administration and the
initialization of the process for hiring personnel.
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In planning for future manned space missions involving international crews of men and women, it it
important to prepare for the occurrence of interpersonal issues that might negatively affect the
relationships of crew members and their ability to carry out mission goals. In recent results from space
simulation studies (e.g., Antarctic expedition; EXEMSI, HUBES/Mir, and other multi-national
simulator projects), anecdotal reports from space, and the author's work involving 1) astronaut and
cosmonaut communication in space and 2) crew member interactions during the HUBES/Mir space
simulation project, a number of interpersonal factors have been isolated that affect space crews and
other small groups of people who must relate for long periods of time. These factors include
interpersonal tension, crew cohesion, and leadership roles. These factors constitute the variables of
interest in this study.

The interpersonal interactions of long-duration, multi-national space crews constitute a laboratory of
small group behavior that tells us a great deal about ways in which groups of people on Earth can
relate with a minimum of tension and improved cohesion when they are stressed. In addition, the
ability of people from previously opposing political blocks to engage in complex activities, such as
undertaking a space mission, serves as a model for international cooperation on Earth. Thus, this
research project will teach us a great deal about ourselves and our ability to relate with one another
despite cultural and political barriers.
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Magnetic Resonance Imaging After Exposure to Microgravity

Principal Investigator:

Adrian LeBlanc, Ph.D. Phone: (713) 790-2761
Methodist Hospital Fax: (713)793-1341

Mail Code NB1-004 E-mail: alebanc@bcm.tme.edu
Baylor College of Medicine Congressional District: TX-18

6501 Fannin Street
Houston, TX 77030

Co-Investigators:

Inessa Kozlovvskaya, M.D., Ph.D. IBMP Moscow
Thomas Hedrick, M.D. Baylor College of Medicine
Linda Shackelford, M.D. Johnson Space Center
Daniel L. Feeback, Ph.D. Johnson Space Center
M. Stewart West, Ph.D. Baylor College of Medicine
Victor Oganov, M.D. IBMP Moscow
Valentine Sinitsyn, M.D. Cardiology Research Center, Moscow
Oleg Belichenko, M.D., Ph.D. Cardiology Research Center, Moscow
Chen Lin, Ph.D. Baylor College of Medicine
Harlan Evans, Ph.D. Krug Life Sciences
Funding:
Project Identification: E586 Solicitation: 94 OLMSA-01
Initial Funding Date: 3/95 Expiration: 2/96
FY 1995 Funding: $6,666 Students Funded Under Research: 0

Flight Information:

Flight Assignment: NASA-Mir-1B
Responsible NASA Center: Johnson Space Center

Task Description:

Our measurements on the crew of SL-J demonstrated significant muscle-specific atrophy after only 8
days in weightlessness. Our published bed rest studies have documented the degree of expected atrophy
after 4 months of disuse. We will repeat these muscle measurements on the long-duration missions of
Shuttle/Mir to determine the degree of protection provided by the Mir exercise program. Our bed rest
studies have shown that when normal subjects are put in bed rest, partially unloading the spinal
column, significant intervertebral disc expansion occurs. This expansion reverts to normal shortly after
reambulation following bed rest lasting days to a few weeks. Longer duration bed rest (17 weeks)
however, results in some residual expansion that remains for some time following reambulation. We
have shown that 8 days of weightlessness (SL-J) does not result in residual expansion 24 hours after
landing. We speculate that disc expansion during flight may be causally related to the back pain
reported to occur during flight and that longer duration space flight will result in residual disc expansion
that may pose some risk of disc damage during the landing and early post-flight period. This disc
expansion with back muscle atrophy may be causally related to the back pain experienced after long
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duration space flight. Several space experiments have documented altered hematopoietic activity which
may be related to cellularity changes in the bone marrow. This proposal will measure the intervertebral
disc cross-sectional area, muscle volumes and spinal bone marrow cellularity of the crew members
before and after the Shuttle/Mir flights.

Space flight measurements have documented that significant bone and muscle atrophy occurs during
weightlessness. Knowledge of the extent and temporal relationships of the these changes in the
individual bones and muscles is important for the development of effective countermeasures. The losses
during space flight are believed to result from the reduced forces on the musculoskeletal system.
Analogous to space flight, inactivity in one G will cause bone and muscle loss. The loss of bone and
muscle with aging occurs in both men and women, resulting in a significant public health problem.
Although the exact cause of bone and muscle loss with aging is not understood, one important risk
factor is disuse. Men and women become less active as they grow older and that may play an important
role in the elderly and in patients immobilized for medical reasons. In addition, muscle atrophy is an
important component of many disease states as well as aging; therefore, understanding the role of
disuse versus other causes is important for elucidating the physiological mechanisms of muscle
atrophy. The relationship of muscle atrophy to muscle performance is not well understood. The LMS
flight will examine decrements in muscle performance with measurements of muscle specific atrophy.

Back pain is a common health problem. There are several causes for this complaint and often involves
the intervertebral discs. Bed rest is frequently recommended as a component of patient management. Our
studies demonstrated that overnight or longer bed rest causes expansion of the disc area, reaching an
equilibrium value of about 22% (range 10-40%) above baseline. In space, where the external
mechanical loads are greatly reduced, the disc probably expands significantly. These changes which are
rapidly reversible after short-duration flights, may be an important consideration during and after long-
duration missions or bed rest on Earth, ¢.g., long duration disuse may alter disc physiology. Also, this
change in the disc size may be causally related to the back pain experienced during space flight.
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Analysis of Volatile Organic Compounds on Mir Station

Pﬂnclpol Investigator:

Peter T. Palmer, Ph.D. Phone: (415) 338-7717
Department of Chemistry and Biochemistry Fax: (415) 338-2384

San Francisco State University E-mail: palmerp@gibbs.sfsu.edu
1600 Holloway Avenue Congressional District: CA-12

San Francisco, CA 94132

Co-Investigators:

Warren Belisle, B.S. Lockheed Martin
Funding:
Project Identification: Solicitation: 94 OLMSA-01
Initial Funding Date: 10/95 Expiration: 9/98
FY 1995 Funding: $86,000 Students Funded Under Research: 4

Flight Information:

Flight Assignment: NASA-Mir-1B

Responsible NASA Center: Johnson Space Center

Task Description:

The goal of this research is the characterization of volatile organic compounds (VOCs) in air samples
from Mir Space Station using new technology based on ion trap mass spectrometry (ITMS). Twenty
four hour time-averaged samples will be collected onto cartridges using the U.S. Solid Sorbent Air
Samples (SSAS). Grab samples will be collected using U.S. Grab Sample Containers (GSC).
Samples will be transferred from Mir via the Space Shuttle, forwarded to the Toxicology Laboratory at
NASA Johnson Space Center (JSC) for analysis and sample subdivision, and then sent on to San
Francisco State University (SFSU) for this purposes of this work. Standard operating procedures,
quality control samples, and confirmatory experiments will be employed to ensure reliable, high quality
data. Analysis will be performed using both a modified form of EPA-approved gas
chromatography/mass spectrometry (GC/MS) methods and new techniques based on direct sampling ion
trap mass spectrometry (DSITMS). Significant effort will be put into developing, testing, and
demonstrating DSITMS techniques with the requisite sensitivity, selectivity, and speed for real-time
monitoring of trace-level contaminants in air. The results of this research will provide detailed
information on the types and concentrations of VOCs in the Mir environment. Moreover, the
demonstration of new technology and comparison against proven methods will yield valuable
information on the feasibility of its use for monitoring air quality in advanced life support systems.

Pete Palmer prepared and submitted an experiment document (ED) in early 1995. Palmer and John
James (JSC) developed and signed a memorandum of understanding (MOU) which outlined the purpose
of their collaboration and respective responsibilities. Palmer, Belisle, James, and Tom Limero (KRUG
Life Sciences) completed 5 of the 6 supporting studies outlined in the ED. The JSC Toxicology group
has already begun the collection and analysis of air samples from Mir. On October 27, the contract for
this work was signed off by NASA. The signed contract was received at SFSU's Office of Research
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and Sponsored Programs in November and an account was put into place in December. Contractual
work on this project officially commenced in December.

The major accomplishment during this reporting period was the reassessment of the goals of this work
as stated in the original proposal, ED, and MOU. Pete Palmer consulted with Warren Belisle on
several occasions in December and January to define objectives, delineate equipment and supply needs,
and delegate responsibilities of both investigators. Both Palmer and Belisle traveled to JSC in January
to discuss these objectives with James and Limero and review the Toxicology Lab’s standard procedures
used for analysis of air samples from spacecraft environments.

Palmer and Belisle also began to put the requisite instrumentation for this work into place in their
respective laboratories. Palmer also tested two different sample introduction systems for DSITMS.
Preliminary results are very promising, with detection limits on the order of 50 parts-per-billion by
volume, tailored selectivity through the use of selected ion monitoring and tandem mass spectrometry,
and analysis times on the order of seconds.

Carla Remigi-Sanchez, a candidate for a master’s degree in chemistry at SFSU, and Minhtram Nguyen,
an undergraduate biochemistry major, are being brought up to speed on this project and trained in the
use of GC/MS and DSITMS techniques for air analysis. Palmer gave a presentation on recent progress
on DSITMS at the meeting of the Society of Western Analytical Professors. Remigi-Sanchez and
Palmer submitted an abstract for a paper to be presented at a national conference on MS.

The goal of this research is the characterization of volatile organic compounds (VOCs) in air samples
from the Mir Space Station using new technology based on ion trap mass spectrometry (ITMS). The
research will provide detailed information on the types and concentrations of VOCs in the Mir
environment and enable a toxicological assessment of the air quality on board Mir. Moreover, the
demonstration of new technology and comparison against proven methods will yield valuable
information on the feasibility of its use for monitoring air quality in advanced life support systems.
Finally, the technology developed as part of this work will have potential use in a number of Earth-
based applications involving air monitoring. These include atmospheric monitoring, ecosystems
monitoring, stack monitoring, fence-post monitoring, hazardous waste site monitoring, and breath
analysis.
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The Effects of Long Duration Space Flight on Gaze Control

Principal Investigator:

Millard F. Reschke, Ph.D. Phone: (713) 483-7210

Space Biomedical Research Institute Fax: (713)244-5734

Mail Code SD-5 E-mail: reschke @sdmail.jsc.nasa.gov
NASA Johnson Space Center Congressional District: TX-22

2101 NASA Road 1
Houston, TX 77058

Co-Investigators:

Inessa B. Kozlovskaya, M.D. Institute of Biomedical Problems, Russia

Alain F. Berthoz, Ph.D. Collége de France, France

Jacob J. Bloomberg, Ph.D. NASA Johnson Space Center

Daniel Guitton, Ph.D. Montreal Neurological Institute, Canada

Deborah L. Harm, Ph.D. NASA Johnson Space Center

William P. Huebner, Ph.D. KRUG Life Sciences, Inc., Houston, TX

William H. Paloski, Ph.D. NASA Johnson Space Center
Funding:

Project Identification: Solicitation: 94 OLMSA-01

Initial Funding Date: Expiration:

FY 1995 Funding: § Students Funded Under Research: 0

Flight Information:
Flight Assignment: NASA-Mir 1B

Responsible NASA Center: Johnson Space Center

Task Description:

Exposure to the stimulus rearranging conditions of space flight changes the efficacy of the eye-head
coordination systems in their ability to localize and maintain fixation on static and dynamic visual
targets. Such deficits compromise the capacity of humans to live and work with maximum
effectiveness for short and especially for long periods of time in microgravity and increase the risk of
hazard, both during on-orbit activities, as well as, during the entry, landing and egress phases of a
mission. To understand these deficits, we propose six integrated sensorimotor experiments developed
using, in part, tasks that have been under investigation as a part of the NASA Extended Duration
Orbiter Medical Project (EDOMP), and identified as Detailed Supplemental Objective (DSO) 604,
Operational Investigation 3 (OI-3). These experiments have been designed to investigate and
characterize the evolution (or emergence) of goal-oriented strategies, and corresponding compensatory
mechanisms, required to maintain effective gaze when the interactive sensorimotor systems necessary
for gaze have been modified as a function of exposure to the stimulus rearrangement of space flight.
We hypothesize in part: (1) that goal-oriented behavior in maintaining effective gaze will be modified
by new strategies that maximize the positive aspects of visual dominance and the negative aspects of
head movements during on-orbit performance, and immediate postflight behavior; (2) that control of
the head's position in space will be compromised via modification in vestibular and proprioceptive
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function, (3) that crew members' spatially oriented perception and consequent compensatory action
initially exhibits increased reliance on extrinsic spacecraft coordinates (perhaps driven by the initial
reliance on vision), but that an intrinsic coordinate system becomes more heavily weighted as mission
duration increases; (4) that in space flight with gravity removed from the equation, orientation vectors
may be established with reference to intrinsic and extrinsic coordinate systems that determine response
vectors (i.e., the direction of the eye velocity vector during flight attempts to align with intrinsic
coordinates, and that the primary axis of orientation, unlike that observed when the stimulus is aligned
with gravity, is the body Z axis), and that once a head movement has been initiated, immediate control
of the head's position in space will be compromised (due to space flight induced changes in vestibular
and proprioception function), and that without appropriate feedback, target acquisition and other tasks
requiring head control will be affected. It is our objective to use the following tasks, pre-/post- and
inflight, to test the above hypotheses: (1) Target Acquisition, (2) Target Acquisition to remembered
target positions, (3) Pursuit Tracking, (4) Sinusoidal Head Oscillations (head shakes), (5) Memorized
Head Rotations, and (6) Test for both Spontaneous and Gaze Nystagmus. Results of this study will
help in the development of countermeasures to alleviate the mal-effects of the described sensorimotor
changes.

Equipment and software to accomplish all of the experiment functional objectives is now currently
aboard the Mir Station. Baseline data collection hardware and flight training hardware have been
installed at Star City.

Two sessions of baseline data collection have been completed with the Mir-23 prime crew. Both crew
members are excellent subjects and understand the hardware and science requirements.

NASA'’s Mir Gaze experiment (E647), titled, "Effects of Long Duration Space Flight on Gaze
Control", is a follow-on set of investigations developed from the Shuttle-Mir Science Project (SMSP)
Phase 1A and EDOMP projects. The hardware required to support this experiment requires that head
and eye movements be measured during goal-oriented tasks in a freely moving subject. This task, once
thought to be almost impossible, has been accomplished. The primary benefit will be a new, more
meaningful way of testing clinical patients. Currently most visual/vestibular testing in the hospital is
done in only the yaw axis in a restrained subject. Both the new hardware and methods (along with the
baseline data) developed for this experiment promise to initiate a new science, and modify completely
the way patients are evaluated.

Aside from the clinical aspects, the benefit to NASA will be the first collection of integrated vestibular
and visual data ever collected on very long duration missions. This data is extremely valuable in
assisting NASA advance to space station flights, and to assist in helping insure the safety, health and
well being of future astronauts.

Publications, Presentations, and Other Accomplishments:

Huebner, W.P., Paloski, W.H., Reschke, M.F., and Bloomberg, J.J. "Geometric adjustments to
account for eye eccentricity in processing horizontal and vertical eye and head movement data." Journal
of Vestibular Research, 5(4), 299-322 (1995).

Reschke, M.F., Bloomberg, J.1., Harm, D.L., Paloski, W.H. "Space flight and neurovestibular
adaptation.” J. Clin. Pharmacol., 34, 609-617 (1994).

Reschke, M.F., Bloomberg, J.J., Paloski, W.H., Harm, D.L., Parker, D.E. "Neurophysiologic

aspects: Sensory and sensory-motor function. In: Nicogossian, A.E., Leach, C.L., Pool, S.L., eds.
Space Physiology and Medicine.” Lea & Febiger, Philadelphia, PA, pp 261-285, 1994b.
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Reschke, M.F., Harm, D.L., Bloomberg, J.J., and Paloski, W.H. "Chapter 7: Neurosensory and
Sensory-Motor Function. In: A.-M. Genin and C.L. Huntoon, eds. Space Biology and Medicine, Vol.
3: Humans in Spaceflight, Book 1: Effects of Microgravity." AIAA, Washington, DC, In press, 1995.

Reschke, M.F., Harm, D.L., Parker, D.E., Sandoz, G.R., Homick, J.L., Vanderploeg, J.M.

"Neurophysiologic aspects: Space motion sickness. In: Nicogossian, A.E., Leach, C.L., Pool, S.L.,
eds. Space Physiology and Medicine." Lea & Febiger, Philadelphia, PA, pp 228-260, 1994a.
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Assessment of Humoral Immune Function During Long Duration Space Flight

Principal Investigator:

Clarence F. Sams, Ph.D. Phone: (713) 483-7160
Cell Biochemistry and Cell Image Analysis Fax: (713) 483-3058

Laboratories E-mail: sams@sdmail.jsc.nasa.gov
Biomedical Operations and Research Branch Congressional District: TX-22
Mail Code SD-4

NASA Johnson Space Center
2101 NASA Road 1
Houston, TX 77058

Co-Investigators:

Patsy Giclas, M.D. National Jewish Center for Immunol & Resp. Med.

Richard T. Meehan, M.D. Univ. Colorado Health Science Center, Denver, CO

Andre Lesnyak, Ph.D. Institute for Biomedical Problems, Russia
Funding:

Project Identification: E621 Solicitation: 94 OLMSA-01

Initial Funding Date: 8/95 Expiration: 9/ 95

FY 1995 Funding: $28,000 Students Funded Under Research: 0

Flight Information:
Flight Assignment: NASA-Mir-1B

Responsible NASA Center: Johnson Space Center

Task Description:

The changes in immune function which occur during space flight potentially expose the crews to an
increased risk for development of illness. Decreased cellular immune function has been repeatedly
documented after space flight and confirmed during flight by in vivo delayed-type hypersensitivity
testing. The mechanisms of these responses and the involvement of the different arms of the immune
system are currently unclear. Our hypothesis is that space flight will cause a decrease in humoral
immune function similar to that observed with the cell-mediated immune system. To test this
hypothesis, crew member volunteers will be immunized with polysaccharide antigens and the
production of immunization specific antibodies will be determined. The immune responses generated
during flight will be compared to responses from a synchronous ground-based control group.
Assessment of in vitro B cell function will also be performed. A thorough understanding of the
immune system function during space flight is critical to the assessment of crew health risks. The
proposed experiments will improve our understanding of space flight-induced immune suppression.

First flight for this investigation will occur during FY 96 on STS 76/Mir 21. The investigation will

utilize the same hardware developed for the Phase 1A Humoral Immunity experiment. Crew training
activities and baseline data collection were performed late in FY95.
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The focus of this experiment is to understand the effects of space flight on crew member immune
function, and the results have their major relevance in this arena. However, if differences are found,
elucidation of the factors mediating this response will provide new insight into the maintenance of
human immune function in health and disease.
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Collecting Mir Source & Reclaimed Waters for Postflight Analysis

Principal Investigator:

Richard L. Sauer, P.E. Phone: (713) 483-7121

NASA Johnson Space Center Fax: (713) 483-3058

2101 NASA Road 1 E-mail; sauer@sdbiot.jsc.nasa.gov
Houston, TX 77058 Congressional District: TX-22

Co-Investigators:

Yuri Sinyak, Ph.D. Institute of Biomedical Problems, Moscow, Russia

John Schultz, Ph.D. KRUG Life Sciences

Vladimir Skuratov, M.D. Institute of Biomedical Problems, Moscow, Russia
Funding:

Project Identification: E592 Solicitation: 94 OLMSA-01

Initial Funding Date: 7/95 Expiration: 7/96

FY 1995 Funding: $237,178 Students Funded Under Research: 0

Flight Information:
Flight Assignment: NASA-Mir-1B

Responsible NASA Center: Johnson Space Center

Task Description:

Reclamation and purification of waste waters, as is currently done on the Russian Space Station Mir,
will be required for supplying crew members of the International Space Station (ITS) with potable and
hygiene water. Contaminants released through metabolic functions of humans, off-gassing of
hardware, and flight experiments and operations will be present in spacecraft waste waters. To ensure
that crew health is maintained during extended missions, all water intended for human use must meet
established water quality standards. To date, both U.S. and Russian programs have limited information
on the composition of spacecraft and reclaimed water. This investigation will provide critical
information on specific contaminants in Mir waste water and reclaimed water. The objectives of this
experiment are to determine the potability of the water supplied on Mir, to assess the reliability of the
Mir potable water systems, and to demonstrate U.S.-supplied hardware for collection of Mir water
samples. Results of the analysis of water samples coljected during the Mir 18 mission show that only
up to 5% of the constituents of the reclaimed water could be identified using present analytical
techniques. Some specific contaminants found were methylene chloride, chloroform, dioctyl phthalate,
and formaldehyde. Results show the reclaimed water met all NASA water quality standards except for
total organic carbon and methylene chloride.

Sampling Hardware Development

To allow source and reclaimed waters to be collected aboard Mir, sampling hardware that would mate
U.S. hardware to the Mir SRV-K2 (galley) ports and the SVO-ZV (backup water supply system) ports
had to be developed. In addition, sampling containers with the capacity to collect and store samples of
water were also needed. For use on Mir 18, a 1-liter Teflon sample bag with a septum interface was
developed. These bags were received with three sides sealed from a commercial vendor. A Teflon
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septum adapter assembly and septum were sealed onto the fourth side of the bag at Johnson Space
Center. These bags were then mated with a "potable water sampler.” The potable water sampler
consists of a teflon adapter that mates to the Mir SRV-K2 and SVO-ZV water ports and a stainless
steel needle that mates with the U.S. water container. Unfortunately, these sample bags leaked during
Mir 18 and, in some cases, not enough sample was available to perform a complete analysis. An
investigation of the leakage problem revealed defective seals on the side and top seams of the bags.

New and improved sample bags have been developed for use during Mir 21 and subsequent missions.
These new sample bags are commercially available, made of Teflon, and contain one polypropylene
female luer lock port on each end of the bag. A polycarbonate reflux valve and a polyvinyl chloride cap
are attached to the top luer lock port of the bag at Johnson Space Center. With the new interface on
the sample bag, a new portable water sampler has also been developed. The samplers consist of a
Teflon adapter that mates to the Hot/Cold or SVO-ZV dispenser port as appropriate, and a stainless
steel male luer lock fitting that mates with the water bags.

Chemical analyses of 5 water samples collected during Mir 18 and STS-71 missions have been
completed. These results include analysis for pH, conductivity, color, calcium, magnesium, silver,
total organic carbon, alcohols, organic acids, semivolatiles, carboxylates, nonvolatiles, volatile
organics, formaldehyde, amines, semivolatiles, and the preparation of organic carbon balances. Only 5
percent of the organic content in the water samples from Mir 18 could be identified using available
analytical techniques, indicating the need for further development of analytical methods in order to more
fully account for the total organic carbon.

Preliminary sample analyses on four potable water samples (three taken during Mir 19 and one taken
during STS-74) and four humidity condensate samples (one taken during Mir 20 and three EDV
samples from STS-74) have also been completed. Work yet to be completed for samples collected
during Mir 19, STS-74 and Mir 20 include analyses for anions, cations, amines, and preparation of the
organic carbon balances.

This research will provide benefits in the areas of methods development for the analysis of drinking
water, advanced technologies for the treatment of waste waters, and increased knowledge of potable
water contaminants. Improvements in methods development as a result of this experiment will
potentially increase the sensitivity of organic analyses tenfold over present techniques. These
improvements will allow more complete characterization of potable water, accounting for nearly all
organic constituents, even those at extremely low levels. In addition, by adapting techniques for
treating spacecraft waters, the development of better waste water treatment technologies on Earth will
be supported.

Publications, Presentations, and Other Accomplishments:

Homan, M.H., Mudgett, P.D., Schultz, J.R., and Sauer, RL. "GC/MS and CE methods for the
analysis of trace organic acids in reclaimed water supplies.” Proceedings of the 24th International
Conference on Environmental Systems, SAE #941392, Friedrichshafen, Germany, July 1994.

Straub II, J.E., Schultz, J.R., Michalek, W.F., and Sauer, R.L. "Further characterization and
multifiltration treatment of Shuttle humidity condensate.” Proceedings of the 25th International
Conference on Environmental Systems, SAE #951685, San Diego, CA, July 1995.
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Bone Mineral Loss and Recovery after Shuttle/MIR Flights
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NASA Johnson Space Center
2101 NASA Road |
Houston, TX 77058

Co-Investigators:

Oganov and Kozlovskaya, M.D., Ph.D.

Adrian LeBlanc, Ph.D.
Elisabeth Spector
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Scott M. Smith, Ph.D.
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NASA Johnson Space Center
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Funding:
Project Identification:
Initial Funding Date: 4/95
FY 1995 Funding: $80,000

Flight Information:
Flight Assignment: NASA-Mir-1B

Solicitation: 94-OLMSA-01
Expiration: 9/00
Students Funded Under Research: 0

Responsible NASA Center: Johnson Space Center

Task Description:

Our research group has participated in a joint Russian/American research project to determine the bone
mineral loss of cosmonauts after long duration space flight lasting from 4 to 14 months. This
program was the first to study bone loss in weightlessness in a comprehensive manner and included
measurements of the spine, hip, tibia, whole body and subregions of the whole body. To date, 18
cosmonauts have been studied. While this study is extremely valuable, there is, however, only limited
data on the very important issue of recovery of bone after return to one-G. Knowledge of the rate and
degree of bone recovery is important not only for NASA, but for clinical investigators interested in
reversing the effects of osteoporosis. This proposal will measure the space flight-induced bone loss of
the twelve crew members of the Shuttle/Mir flights and follow the recovery with bone mineral
measurements every six to twelve months for up to three years or until full recovery has occurred. In
order to gain information on the role of muscular fitness with respect to bone loss and recovery, muscle
strength testing will be performed at the same time points as bone mineral measurements. Muscular
fitness will be used as an indicator of a crew member's level of load-bearing physical activity
throughout the study. Serum and urinary markers of bone metabolism will be measured pre and post-
flight in order to provide information regarding the altered metabolism of bone resulting from long-
duration flight, This information will complement the bone density results and may shed light on the
mechanisms involved in disuse bone loss and subsequent recovery.
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Work conducted in support of E598 has included the writing of supporting documentation, crew
training/familiarization, intercalibration checks of experiment hardware, continued quality control
checks of experiment hardware, and Baseline Data Collection for Mir 21 prime and backup crew
members. Milestones set for this experiment have been met on schedule. Future work on this task is
expected to proceed on schedule as well.

Progress in FY95 included writing (and revising as necessary) the following documents: Experiment
Document, Crew Familiarization presentation materials, Crew Training Protocol, Integrated Payload
Requirements Document, Baseline Data Collection Requirements Document, Experiment Manual, JSC
IRB Master Protocol and Informed Consent forms, and a detailed multi-year budget. Prime and backup
crew members attended an experiment briefing, which provided an overview of the study purpose and
test procedures. The whole body densitometers in the U.S. and those on-loan to Russia were tested to
assess the degree of intercalibration. Dosimetry checks on all of the densitometers were conducted as
well. Regular scanning of spine, hip, and whole body phantoms was conducted (and still continues) on
all densitometers to assure stability of instrument performance. The Russian prime and backup crew
members participated in the first of two Baseline Data Collections for bone densitometry (DEXA),
muscle strength testing (LIDO), and blood and urine testing for markers of bone metabolism (e.g.,
markers of bone formation and bone resorption). DEXA scan regions included the whole body, lumbar
spine, hip, and calcaneus. LIDO isokinetic strength testing was performed on the back, knee, and
ankle.

Results from this study should provide insight into the role of decreased physical activity in the
development and treatment of osteoporosis--a costly and debilitating condition which affects millions
worldwide. Recovery data obtained during the 3-year post-flight period should provide valuable
information regarding the rate and extent of bone recovery following disuse. Muscle mass and strength
data may provide additional insight into the role that muscle fitness plays in bone loss and,
particularly, bone recovery. Knowledge of the rate and degree of bone recovery is important not only
for NASA, but for clinical investigators interested in reversing the effects of osteoporosis. Knowledge
of the sensitivity of serum and urinary markers of bone metabolism to track bone loss and recovery
will provide a clearer understanding of the usefulness of these markers to monitor alterations in bone
metabolism and may shed light on the basic biological mechanisms involved in bone loss and
recovery.
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Evaluation of Skeletal Muscle Performance and Characteristics

Principal Investigator:

Steven F. Siconolfi, Ph.D. Phone: (713) 483-7110

Mail Code SD-5 Fax: (713) 244-5734

NASA Johnson Space Center E-mail: ssiconolfi @sdmail.jsc.nasa.gov
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Co-Investigators:

Dr. Inessa Kozlovskaya Institute of Biomedical Problems, Moscow, Russia

Dr. Yuri Koriak Institute of Biomedical Problems, Moscow, Russia

Dr. Viktor J. Stepantsov Institute of Biomedical Problems, Moscow, Russia

Dr. Daniel Feeback NASA Johnson Space Center

Dr. Charles Layne KRUG Life Sciences, Inc., Houston, TX
Funding:

Project Identification: Solicitation: 94 OLMSA-01

Initial Funding Date: 10/94 Expiration: 9/98
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Flight Information:
Flight Assignment: NASA-Mir-1B, Mir-22/NASA-3
Responsible NASA Center: Johnson Space Center

Task Description:

Muscles that are not used lose their strength. In addition to the loss in muscle mass during and after
space flight, there is a loss of muscular fitness. This response is similar to observations with
prolonged immobilization, such as being bedridden. Reduced fitness causes decreases in strength,
endurance, tone, and efficiency. Investigators for this experiment hypothesize that being in a
weightless environment results in non-uniform changes (¢.g. extensors > flexors, legs>arms) during
flight with a slow readaptation to preflight levels upon return to Earth.

One objective of this experiment is the evaluation of how skeletal muscle performance and
characteristics adapt during long duration space flight. Investigators then compare post-flight response
with preflight values to determine how long it takes (and what mechanisms are used) to readapt to
Earth's gravity. The tests protocols included: (1) muscle strength, endurance and tone, (2)
neuromuscular efficiency, (3) voluntary and evoked contractions, and (4) integrated muscle performance
testing on a passive treadmill. These protocols were performed before and after Mir 18 and helped
evaluate the efficacy of the Russian Countermeasures. Evaluating the metabolic cost of passive
running on the treadmill during STS-71 helped determine the extent of the postflight change in
performance.
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* Experiment documentation manual was completed.

* Submitted protocol and procedures to the JSC IRB.

* Completed the development of the training and procedure manual for inflight experiments, currently
under review by Russian co-investigators and trainers.

* Completed development of the Experiment manual.

* Began training of Mir-22/NASA-3 crew members.

Deconditioning of skeletal muscle due to inactivity has its etiology in neural, biochemical and
morphological characteristics. This experiment will focus on the change in skeletal muscle
performance and its neural components. This experiment will also evaluate the efficacy of the Russian
countermeasure program on skeletal muscle performance. These will result in a better understanding of
muscle function, deconditioning and rehabilitation and measuring the efficacy of the Russian
countermeasure program and its possible use in rehabilitative medicine (physical therapy).
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Protein Metabolism During Long Term Space Flights

Principal Investigator:
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Funding:
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FY 1995 Funding: $25,400 Students Funded Under Research: 0

Flight Information:
Flight Assignment: NASA-Mir-1B

Responsible NASA Center: Johnson Space Center

Task Description:

The primary objective of this project is to determine the duration of the metabolic stress response
associated with space flight. The secondary objective is to determine how long it takes for protein
metabolism to return to its preflight state after a long duration mission. We plan to accomplish these
goals by measuring the whole body protein synthesis rate, three times before, four times during space
flight (duration 90-180 d) and four times after space flight up until 45 days after landing. The 15N
glycine method will be used to determine the protein synthesis rates. The preflight measurements are
to obtain a baseline, the inflight measurements are to document how long into the flight the whole
body protein synthesis rate stays elevated and the postflight measurements are to determine how long it
takes for the whole body protein synthesis rate to return to the preflight baseline.

During FY 1995 the following tasks were accomplished: a detailed protocol was agreed upon with the
Russians; the NASA 2/Mir 21 crew were briefed on the experiment; one of the three baseline data
points (L-120) was collected on the two MIR 21 crew persons and the NASA 2 subject at the end of
September in Moscow. Data collection went well and no problems were encountered.

During FY 1996 we expect to complete the baseline, flight and postflight data collection on these three
subjects. The fact that the first data collection sessions proceeded without any problems being
encountered augurs well for future sessions.

The question of whether humans can truly adapt is of both practical importance and of general
biological interest. If a 'mild’, but chronic stress response continues with its associated energy and
protein wasting, long-term space missions to destinations such as Mars become very problematic
unless effective countermeasures are developed. If the stress response is short and finite, indicating true
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adjustment to the new environment, then the problem is known, is limited in duration and is not
serious. Space flight confronts humans with a totally novel situation. Is there enough flexibility in
the genetically determined response to stress that humans can adjust to stresses for which there can be

no preprogrammed specific response?
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Renal Stone Risk During Long Duration Space F light
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Task Description:

This investigation is a continuation of the study begun with the Mir 18 mission (Shuttle Mir, Phase
1A). Data from previous missions suggests that space flight exposes crew members to a greater risk of
forming kidney stones. Investigators believe that the risk increases with the duration of the mission.
The investigation attempts to determine the degree of risk involved during extended space flight and to
determine the factors which are affected by flight duration. Ultimately, medical investigators hope to
use their understanding of increased in-flight kidney stone risk to determine ways to counteract the
formation of these stones both in space and on Earth.

This investigation is currently manifested for the Mir 21 (launch March 1996) and Mir 23 long
duration space missions. Flight hardware to support this study was delivered by the crew of STS-74,
and is aboard the Mir Space Station awaiting arrival of the Mir 21 crew. Two preflight baseline data
collections have been completed with a third scheduled for February 1996. Data analyses is continuing.

Approximately 12 percent of the Earth-bound population will develop a renal stone sometime during
their lives. Initially, lessons learned from studies on Earth will be used to minimize the potential for
renal stone formation in crew members exposed to microgravity. The first phase of this investigation
will assess the direct effects of microgravity on this potential during long duration space flight.
Following this assessment, proven Earth-based therapies will be recommended to protect the health and
well-being of the crew members.
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Assessing the renal stone risk during space flight may lead to a better understanding of renal
physiology, dietary interaction with potential risk, and bone and mineral homeostasis. Studying renal
stone risk during space flight requires the development of new technologies and methods. Developing
means to maintain sample integrity and minimize deterioration during sample collection and transport
during space flight will also aid in the study of the Earth-bound population especially in rural and Third
World populations. As an example, currently under development is a method of urine collection in
which the urine is dried on a filter card, uses no preservatives, and can be stored at ambient temperatures
for extended periods of time.
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Neuro-Thyroid Ineteraction on Skeletal Isomyosin Expression in 0 g
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Responsible NASA Center: Ames Research Center

Task Description:

The Goal of this project is to examine the interactive role of gravity, enervation, and thyroid hormone
(T#) in the developmental programming of myosin heavy chain (MHC) isoform expression in neonatal
rodent antigravity and locomotor skeletal muscle. The central hypothesis to be tested is that gravity
exerts a profound influence on the development and maintenance of slow (type I) MHC expression in
antigravity and locomotor muscle, such that in its absence, a significant number of muscle cells up-
regulate the expression of fast MHCs due to an increased responsiveness to thyroid hormone. In
contrast, the normal expression of the fast IIx and IIb MHCs are developmentally regulated
independently of gravity, but require both the presence of an intact nerve and T3 in order for these
isoforms to reach full maturation in expression by replacing neonatal MHC isoforms. An additional
objective is to determine whether muscle development, in the absence of gravity, creates a deleterious
response whereby recovery from exposure to microgravity in the neonatal stage results in an
irreversible effect on muscle mass and the pattern of adult myosin isoform expression. To test these
hypotheses, both ground control and space flight rodents were allocated into the following subgroups:
normal-control; denervated (DEN); thyroid deficient (TD); and DEN plus TD. The microgravity-
exposed neonatal animals (along with the Nursing Dams) will be subjected to space flight aboard the
shuttle (Neurolab mission). At recovery (and 3-4 weeks following recovery), flight animals and ground
controls will be processed so that key muscles will be obtained to study MHC isoform expression at
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both the mRNA and protein level of analysis using electrophoretic, immunchistochemical, and in situ
hybridization technology.

During FY 95 the primary tasks undertaken on this proposal have been 1) to define the conditions
implanting pumps into nursing Dams in order to induce a hypothyroid state that is transferable to the
suckling pups; 2) to develop extraction procedures for isolating total RNA, DNA, and protein for
biochemical and molecular analyses on small quantities of tissue; and 3) to initiate assays for myosin
heavy chain (MHC) mRNA analysis using the technique of reverse transcriptase polymerization chain
reaction (RTPCR) on small tissues samples.

Our accomplishments are as follows. First, we have partially succeeded in inducing a hypothyroid state
in rodent pups by infusing methimazole via osmotic pumps into the Dams (50 mg/kg/day). These
neonatal animal have smaller heart m, and a different cardiac MHC profile from control (euthyroid)
animals indicating that we are achieving a hypothyroid state. However, we are concerned that the pups
are consuming food crumbs that the mother breaks off during feeding that may compromise their
complete dependence on the mother’s milk for nourishment. Consequently, we are in the process of
doing a follow-up project in which the mother's diet is provided by the food bars actually used for space
flight. These food bars have a gummy texture so that little or no food is broken off and are thus
available to the pups. This should eliminate food spillage and insure that the animals are nourished via
the milk thereby optimizing methimazole transfer to the pup.

Second, we have succeeded in developing an extraction procedure to isolate total RNA, DNA, and
protein (denatured) for analyses of MHC mRNA analysis, MHC protein analysis via gel
electrophoresis, and DNA for normalizing the data. This will be the primary method for isolating these
constituents in the space flight project.

Third, we are in the process of setting up the RTPCR techniques to quantify the mRNA signal for the
neonatal MHC and for the 4 adult skeletal muscle MHCs. We have identified the appropriate primers
for each MHC and have showed that the RTPCR reaction is specific to the types of muscle we will be
studying. Our goal now is to develop internal standards so that we can quantify the mRNA from one
sample to another.

In this flight project, we will be addressing fundamental issues concerning the role of gravity and in
particular the interaction of gravity forces and thyroid hormone in the regulation of the pattern of
skeletal myosin heavy chain (MHC) expression in rodent antigravity and locomotor muscle. Previous
work on both ground control and space flight animals suggests that gravity plays a pivotal role in
dictating the muscle's contractile protein phenotype. We feel that this dependency on gravity to control
the properties of muscle will be even more dramatic when examined in the context of muscle
development. The adult phenotype for contractile and hence functional capability evolves during post
natal development. We believe that gravity may be essential for establishing the expression of slow
MHC in muscle fibers, which is essential for antigravity function. That is, in the absence of gravity
during neonatal development the slow MHC gene will not be turned on sufficiently to establish this
property. Also, since thyroid hormone appears to be essential for the normal development of muscle
mass and contractile phenotype, we want to manipulate thyroid state as well in ascertaining the
interaction of thyroid hormone (or its absence) and that of gravity on the muscle maturation process.

Thus, these experiments will for the first time delineate how gravity impacts an important
developmental and maturation process affecting muscle mass and locomotor performance. While this
work will not address a specific disease per se, we feel that the efvironment of weightlessness creates a
disease-like process such as muscle wasting (atrophy). The research in this proposal will address this
topic indirectly by examining the potential retardation of muscle growth, differentiation and gene
expression in young animals.
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Baldwin, K.M. "Future research directions in seeking countermeasures to weightlessness.” J.
Gravitational Physiol, 2, 51-53, 1995.

Baldwin, K.M. "Effect of spaceflight on the functiional, biochemical, and metabolic properties of
skeletal muscle." Med. Sci. Sport and Exercise, 1995.

Baldwin, KM. "Effects on altered loading states on muscle plasticity: What have we learned from
rodents." Med. Sci. Sport and Exercise.

Caiozzo, V. J., Haddad, F., Baker, M.J., and Baldwin, K.M. "Functional and cellular adaptations of
rodent skeletal muscle to weightlessness.” J. Gravitational Physiol., 2, 39-42, 1995.
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Integration of Neural Cardiovascular Control in Space
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Task Description:

The broad objective of this experiment is to explore and define the mechanisms by which the
autonomic nervous system regulates the circulation to support tissue perfusion, particularly in the
brain, during adaptation to microgravity and readaptation to 1G. The primary hypothesis is that
adaptation to the unique environment of microgravity minimizes the dynamic demands on the
cardiovascular neural control. The level of physical activity is decreased, and no postural adjustments
are required. This regulatory environment is likely to degrade important control mechanisms.

The experimental design represents an integrated approach to the testing of this primary hypothesis.
The following questions will be answered: 1. Does efferent sympathetic nerve activity increase
appropriately in response to baroreflex and non-baroreflex-mediated stimuli during and after space
flight? 2. Can integrated clinical tests of autonomic function detect functional impairment and can they
be used to characterize the time course of adaptation to microgravity? 3. Does regulation of the cerebral
circulation change in parallel with or independent of the regulation of the systemic circulation? 4. Can
advanced mathematical models of neural control including both linear and non-linear dynamics be
developed to gain insight into the integration among neurocirculatory variables and control
mechanisms? A series of well-defined physiological stimuli has been defined, including lower body
negative pressure, a cold pressor test, isometric exercise, Valsalva and controlled breathing. Responses
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are characterized by multiple measurements including heart rate, continuous finger arterial pressure and
direct recording of muscle sympathetic nerve traffic.

Four separate proposed experiments have been integrated into a joint experiment on cardiovascular
autonomic control to be carried out on Neurolab in 1998. The joint experiment includes Baisch et al.
(DLR, Cologne, Germany): Artificial Neural Networks and Cardiovascular Regulation, Eckberg et al.
(Medical College of Virginia, Richmond, VA): Autonomic Neuroplasticity in Weightlessness, and
Robertson et al. (Vanderbilt University, Nashville, TN): Autonomic Mechanisms in Microgravity.

Detailed combined protocols have been developed and approved by the human use committee at JSC.
Instrumentation has been defined. Detailed plans for supporting ground-based studies and for crew
training have been defined.

The experiment will provide new data on human cardiovascular control mechanisms. Orthostatic
hypotension is a common and important condition in astronauts early after return from space and is
also a common clinical problem. The experiment is likely to provide new and specific information on
pathophysiological mechanisms, highly relevant to both general clinical practice and to flight
medicine.

Publications, Presentations, and Other Accomplishments:

Arbeille, Ph., Gaffney, F.A., Beck, L., Coulon, J., Porcher, M., and Blomgyvist, C.G. "Effect of
microgravity on renal and femoral hemodynamics during lower body negative pressure and intravenous
saline load." Proceedings of the Norderney Symposium on Scientific Results of the German Spacelab
Mission D-2. P.R. Sahm, M.H. Keller, B. Schiewe (eds.). Wissenschaftliche Projektfiihrung D-2:
Koln, Germany, pp. 679-681, 1995.

Baisch, F.J., Beck, L.E.J., Blomgqyvist, C.G., and Karemaker, J.M. "Lower body fluid pooling does not
fully explain post flight orthostatic intolerance.” Proceedings of the Norderney Symposium on
Scientific Results of the German Spacelab Mission D-2. P.R. Sahm, M.H. Keller, B. Schiewe (eds.).
Wissenschaftliche Projektfiihrung D-2: Kéln, Germany, pp. 682-687, 1995.
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Space Flight, Stress, and Neuronal Plasticity

Principal Investigator:

Scott T. Brady, Ph.D.

Cell Biology & Neuroscience

Univ. of Texas Southwestern Medical Center
5323 Harry Hines Boulevard

Dallas, TX 75235-9111

Co-Investigators:

No Co-I's Assigned to this Task

Phone: (214) 648-1830

Fax: (214) 648-1801

E-mail: brady03@utsw.swmed.edu
Congressional District: TX-3

Funding:

Project Identification:

Initial Funding Date: 8/95

FY 1995 Funding: $80,311

Joint Participation: NIH/National Institute on Aging
Flight Information:

Flight Assignment: Small Payload (TBD)

Responsible NASA Center: Ames Research Center

Solicitation: AO 93-OLMSA-01
Expiration:

Students Funded Under Research: 1

Task Description:

When humans are exposed to the conditions of space flight for extended periods, a number of neuralgic
disorders emerge. These pathological changes affect a wide variety of neuronal systems ranging from
motor to hypothalamic to sensory function and the effects can be long lasting. Such changes appear
likely to involve both functional and morphological alterations in the brain, but the underlying
mechanisms have been unclear. Recent work suggest that environmental influences including stress
and altered hormone levels may influence neuronal morphologies and neuronal dynamics. The
experiments in this application are intended to characterize the effects of space flight and elevated
corticosteroids on the dynamics, organization, and composition of the neuronal cytoskeleton.
Particular emphasis will be placed on the axonal transport, composition and organization of the axonal
cytoskeleton. The ability of pharmacological agents to block these morphological and functional
changes will be determined. These studies will characterize the structural consequences of exposure to
space flight and altered hormonal levels. A parallel set of studies will analyze functional consequences
of these treatments by evaluating molecular mechanisms of vesicle trafficking in the presynaptic
terminal important for neuronal plasticity and synaptic transmission. The goal of these studies is to
determine the extent to which vesicle trafficking in the synapse contributes to functional plasticity.
Pathways and molecular mechanisms involved will be identified and changes associated with space
flight and elevated corticosteroids will be characterized. The long term goal of this research program is
to provide molecular correlates for changes in functional architecture of the nervous system associated

with long term exposure to the conditions of space flight.

Funding for experimental work on this project only began on 1 September 1995. The major
component and the primary flight component involves a study of stress on functional neuronal
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architecture in mice. Since this component was a new initiative, substantial groundwork is needed
before these studies are fully underway. At present, we have been establishing the ground-based studies
and are beginning to refine protocols for eventual application to space flight animals. The necessary
reagents and equipment are being obtained or developed. Some equipment (microplate reader) has been
ordered, but has not yet arrived. Baseline studies are now being done on control animals. We have
established the validity of ELISAs for quantitative analyses of cytoskeletal proteins in different brain
regions. Preliminary experiments on the administration of corticosteroids and drugs are underway. One
person is currently being trained to work on this project and additional personnel are being actively
recruited. Previous work on presynaptic function in the squid giant synapse is still underway.
Although no additional data will be gathered until the summer of 1996, data gathered from previous
summers is currently being analyzed and prepared for publication.

The studies supported by this grant are intended to look at the effects of physiological stress on
neuronal function and neuronal architecture. Previous studies have shown a number of deleterious
effects on neuronal functional architecture associated with chronic stress. The conditions of space flight
can result in an stress of unusual duration, but physiological stress is commonly associated with a wide
range of human activities. Many stress-related medical conditions have been documented. Since many
of these changes appear similar to changes associated with the aging nervous system, these studies may
also illuminate the mechanisms that lead to decrements in neuronal function with aging. The goals of
these studies are, first to understand the molecular basis of neurological changes associated with stress
and, second to devise treatments that can minimize deleterious changes in neurological function
associated with chronic physiological stress.
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Microgravity Effects on Developing Vestibular Afferents

Principal Investigator:

Barbara Chapman, Ph.D. Phone: (916) 754-5012
Center for Neuroscience Fax: (916) 757-8827
University of California, Davis E-mail: bxhapman@ucdavis
1544 Newton Court Congressional District: CA-3

Davis, CA 95616
Co-Investigators:
No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: 93 OLMSA-01
Initial Funding Date: Expiration:
FY 1995 Funding: $ Students Funded Under Research: 0

Joint Participation: National Science Foundation
Flight Information:

Flight Assignment: Small Payload (TBD)

Responsible NASA Center: Ames Research Center

Task Description:

This project will examine effects of the gravitational environment on the development of specific
neuronal connections between vestibular sensory organs and their central nervous system targets in the
zebrafish, Brachydanio rerio. The proposed flight experiments, involving examination of primary
vestibular afferents of zebrafish embryos raised in microgravity, will help determine the effects of
altered patterns of neuronal activity on the development of connections in the vestibular system. In
addition, these experiments may reveal an anatomical substrate for the observed plasticity in swimming
behavior of fish seen during space flight.

The development of organotopic specificity in the primary vestibular afferent projection to the
vestibular nuclei will be studied in zebrafish raised in three different environments: microgravity, 1 G
centrifugation during flight, and 1 G ground-based control conditions. Lipophilic-dye fiber-tracing
techniques will be used to label populations or single axons in specimens fixed at different ages. The
pattern and extent of axonal growth of afferents from each vestibular sensory organ will be examined
both in whole mount using confocal microscopy and in cryostat sections.

These experiments will be the first to study the effects of microgravity on the development of the
neuronal connections underlying vestibular senses, as well as documenting the normal development of
these connections. Flight experiments will provide data on the relative role of patterns of neuronal
activity versus inherent positional cues and tropic factors in the development of specific connections in
the vestibular system.

Studies during the early phases of this project were designed to address four feasibility issues: 1) Can
Zebrafish embryos survive in a closed system such as the ECU for the duration of the flight? 2) How
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early in development can the embryos reach microgravity, given that the eggs must be fertilized on the
ground and given the timing constraints of the shuttle launch? 3) Can the fixed embryos remain at 22-
24 degrees C for the remainder of the flight without degradation of their morphology? 4) Can the
embryos survive the shuttle launch and continue normal development?

Embryo survival in the Egg Chamber Units: For all egg chamber tests, 50 eggs with chorions
enzymatically removed at 80% epiboly were placed in ECUs containing 10% Hanks with 30 ug/ml
phenylthiourea added to prevent melanin formation. 2 mls paramecium culture was added as a food
source and to prevent bacterial proliferation. The chambers were sealed and placed at 22-24 degrees C,
and embryo survival was assessed after 2 weeks, the proposed duration of the flight. In 10 tests,
embryo survival rates varied from 20-50% as compared to 50-75% survival for embryos raised under
normal laboratory conditions. Thus in a worst case scenario aboard the shuttle there would be 10
specimens collected at each time point which should be sufficient to fulfill the science requirements.

Developmental timing studies: In order to ensure that the Zebrafish will be able to reach microgravity
before the primary vestibular afferents begin to grow into the hindbrain, various cooling paradigms
were tested to slow down the embryos development. Zebrafish raised at 18 degrees C showed normal
survival and developed normally but slowly. The rate of development of the embryos at this cold
temperature is about 0.4 times the normal developmental rate. Therefore if a shuttle launch delay
results in the maximum waiting period between loading the embryos on board the shuttle and reaching
microgravity, a delay of 48 hours, the fish would still be at a developmental age of -27 hours. At this
age the hair cells of the otolithic maculae are just beginning to develop and primary afferent fibers have
not yet begun their growth into the hindbrain.

Fixation studies: In order to determine whether the fixed embryos on board the shuttle could remain in
the same Refrigeration/Incubation Module with the still living specimens, or whether refrigeration of
the fixed-embryos would be necessary, Zebrafish embryos at 1, 3, 7 and 10 days of development were
fixed in 4% paraformaldehyde and left at 22-24 degrees C for 2 weeks. The fixed specimens were then
observed at 20 X to check for degradation of gross morphology, and then primary afferent fibers were
labeled. Morphology of all the specimens appeared normal, and Dil transport and afferent arbor patterns
were unaffected.

Shuttle launch simulation studies: In order to determine whether Zebrafish embryos would be adversely
affected by the shuttle launch, launch simulation tests were carried out on the 20G centrifuge at
NASA's Ames Research Center. In these tests live Zebrafish embryos were subjected to the
gravitational profile and acoustic noise levels which occur during an actual shuttle launch. Two age
groups were used, 20 hours and 28 hours. These ages were chosen because they represent the earliest
and the latest stages at which the embryos would experience the launch, depending on whether there is a
launch slip or not. Two hundred embryos were used in each test group. All embryos survived the
launch simulation. Gross morphology was normal, as was semi-circular canal wall fusion and otolith
development. The inner ears of 10 fish from each group were injected with the specific hair cell label
4-Di-2-ASP in order to assess the development of the vestibular end organs. In all cases the end-organ
development appeared normal. At one week embryos were sacrificed and fixed in 4% paraformaldehyde,
and individual vestibular end-organs in several embryos from each experimental group were injected
with Dil to label the primary vestibular afferents. In all cases afferent projection patterns and axonal
arborizations appeared normal.

It thus seems that Zebrafish embryos involved in the proposed flight experiments will not be adversely
affected by the shuttle launch. Our investigation of the influence of microgravity on the development
of specific neuronal connections in the vestibular system both will answer fundamental questions about
the effects of changes in the sensory environment on the establishment of partway specificity in the
nervous system.
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Normal development of the vestibular system at 1G results in an adult projection pattern of the
vestibular nerve onto the vestibular nuclei which is similar in all species of vertebrate studied. In all
cases, primary vestibular afferents serving the different vestibular end-organs have distinct though
overlapping patterns of axonal arborization in the vestibular nuclei. Although this adult pattern of
organotopically organized projections has obvious advantages for sensory processing, little is known
about it normal development. Knowledge of the mechanisms responsible for the development of the
normal pattern of connectivity can be gained by studying use- or environment- dependent changes in
vestibular system development.

The adult pattern of vestibular afferent projection, with inputs from each of the semi-circular canals and
otolithic organs occupying specific regions of the vestibular nuclei, could arise from a variety of
different development mechanisms. Developing vestibular axons serving the different end organs could
be guided directly to their targets by molecular positional cues or trophic factors, or the axons could
initially form overlapping terminal arbors and later segregate based on a competitive neuronal- activity
dependent process. Previous work from many laboratories studying the development of the visual
system in a broad range of vertebrate species highlights the importance of patterned neuronal activity in
the establishment of specific neuronal connections in that sensory system. Space flight offers the
opportunity to study the development of connections in the vestibular system under conditions where
the normal patterns of neuronal activity in the system are disrupted by the absence of the normal
influence of earth's gravitational field.

Examination of the patterning of the primary vestibular afferent projections in animals raised under
conditions of microgravity will disclose the role neuronal activity plays in the development of the
vestibular system, and will thus help determine whether the lessons leamed from studies of the visual
system can be generalized to developmental rules for other sensory systems. In addition, these studies
of the experience-dependent changes in axonal arbors in the vestibular system may reveal the
anatomical substrate of the behavioral adaptation to microgravity which occurs after a few days in
space. Because the vestibular system exhibits an extreme degree of evolutionary conservation, much of
what is learned from the proposed experiments about the vestibular system of the fish should be
applicable to the vestibular system of higher vertebrates including humans. Whether we find that
activity-dependent changes in the anatomy of primary vestibular afferents in Zebrafish raised in
microgravity do occur, or whether no such changes are seen, our experiments should help to answer
basic questions about the role of neuronal activity in the development of specific connections in
sensory systems.

Publications, Presentations, and Other Accomplishments:

Chapman, B. and Fraser, S.E. "Development of primary vestibular afferents in zebrafish embryos."
Soc. Neurosci. Abstr., 21, 572 (1995).

Chapman, B. and Fraser, S.E. "Vestibular hair cells develop normally in zebrafish embryos where
canal wall fusion has been disrupted.” Meeting on Zebrafish Development and Genetics, Cold Spring
Harbor, April 1994.

Fraser, S.F. and Chapman, B. "Axonal arborizations of the primary afferents serving different
vestibular end-organs in zebrafish embryos." Soc. Neurosci. Abstr., 20, 1684 (1994).
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Spatial Orientation of Vestibulo-Occular Reflex and Velocity Storage

Principal Investigator:

Bernard Cohen, M.D. Phone: (212) 241-7068

Department of Neurology Fax: (212) 831-1610

Box 1135 E-mail: bcohen@smtplink.mssm.edu
Mount Sinai School of Medicine, New York Congressional District: NY-14

One Gustave L. Levy Place
New York, NY 10029

Co-Investigators:

Theodore Raphan, Ph.D. CUNY, Brooklyn College

Ian Curthoys, Ph.D. The University of Sydney, Australia

Martin Gizzi, M.D., Ph.D. New Jersey Neuroscience Institute

Takeshi Kubo, M.D. Osaka University Medical School, Japan

Izumi Koizuka, M.D. Osaka University Medical School, Japan

Mingjia Dai, Ph.D. Mount Sinai School of Medicine
Funding:

Project Identification: E047 Solicitation: 93 OLMSA-01

Initial Funding Date: 8/94 Expiration: 12/99

FY 1995 Funding: $119,830 Students Funded Under Research: 2

Flight Information:;
Flight Assignment: Neurolab (STS-90, 3/98)

Responsible NASA Center: Johnson Space Center

Task Description:

The yaw axis component of optokinetic nystagmus (OKN), optokinetic after-nystagmus (OKAN) and
the vestibulo-ocular reflex (VOR) tends to align with gravity on earth in monkeys and humans. After
space flight, the yaw component of the VOR of monkeys moves toward a body rather a gravitational
frame of reference. From this it is postulated that adaptation to space causes a shift in the orientation
vectors of OKN and the VOR from a gravitational to a body reference frame. How orientation is altered
by introduction of linear forces in space is not known. Experiments are proposed to determine how
microgravity affects the orientation vectors of OKN and the VOR of human subjects, and how the
vectors are altered by introduction of linear forces due to centrifugal acceleration. There was also long-
term depression of compensatory ocular counter-rolling (OCR) after space flight in monkeys on the
COSMOS 2229 Flight. We postulate that there will be depression of compensatory ocular torsion
movements after adaptation to space, and propose to study torsion eye movements before, during and
after flight. Eye movements will be recorded during horizontal, vertical and oblique OKN and during
rotation with the head upright and tilted. OKN will be induced with a binocular optokinetic stimulator
and linear forces will be induced by centrifugation in the MVI rotator. The axes of eye rotation will be
calculated using a model-based approach. Subjective and objective measures will be used to measure
static ocular tilt on earth, and off-vertical axis rotation (OVAR) will be utilized in ground-based testing
to produce dynamic OCR, vertical eye movements and post-rotatory nystagmus from tilted positions.
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A new video technique will be utilized in ground-based testing to study OCR. These experiments will
help in understanding how spatial orientation and OCR are altered in microgravity and in designing
tasks and countermeasures in space and on re-entry.

Planning of the experiments is completed. We now have started to do the Ground Based Studies that
will form the basis for the Neurolab flight.

Centrifuge: We will shortly let a contract for a short-arm centrifuge that will be used in Ground Based
Testing. The rotator has been designed, but there are some issues to be resolved. The contractor will
travel to Bordeaux to meet with Aerospatiale to accomplish this. We expect delivery on the rotator in
September, 1996. This rotator will be used for the Ground-Based Studies at Mount Sinai Medical
Center in New York. It will then be shipped to JSC at Houston where it will be utilized for the
Baseline Data Collection and for the Postflight Data Collection.

Eye Movement Recording System: A laboratory version of the eye recording measurement system
(EMRS) is being built by Drs. Theodore Raphan and Steven Moore to support the Ground-Based
Studies at Mount Sinai, and the pre- and postflight data collection at the Johnson Space Center.

Off-Vertical Axis Rotation: A tilting, rotating chair that will be used to deliver off-vertical axis
rotation is available at the JFK Medical Center (Dr. Martin Gizzi, Co-Investigator). This will be used
for the Ground Based Testing with a three-dimensional eye movement recording device. An OVAR
chair at JSC has also been identified that will be used in the Baseline and Postflight Data Collection.

The equipment being built by ESA (Centrifuge, Eye Movement Recording System, Eye Stimulation
System) is generally on or close to schedule. We should receive a working copy of the flight eye
movement recording system and eye stimulation system in November, 1996. ESA and the PI's will
monitor whether the binocular three-dimensional eye movement recording system will work as
specified. Since this is new technology and the time for testing before flight will be very short, this is
an issue of concern.

It should be noted that this is a true international project in every sense of the word. The team of
investigators involves the USA (New York and Brooklyn), France, Australia and Japan. We are in
constant contact by email. Dr. Curthoys of Australia made a major contribution to the project by
sending a Postdoctoral Fellow, Steven Moore, who did his thesis research on video-based, three-
dimensional eye movement recordings. Dr. Moore is already working on this project, and will provide
very important help in achieving our goals.

The proposed research will determine how otolith-ocular reflexes and spatial orientation of the angular
vestibulo-ocular reflex (aVOR) are altered after adaptation to space. This information will be used to
understand deficits in gaze and posture that occur when astronauts adapt to microgravity and then readapt
to the 1g terrestrial environment of Earth. The information will also be used to direct countermeasures
to overcome lags in adaptation or changes in gaze and balance due to the abnormal force field
environment of microgravity. Such information and countermeasures will be critical for long duration
space flights to the Moon or Mars.

We previously found that there was prolonged depression of ocular counter-rolling (OCR) after
adaptation to microgravity. If this depression of torsional eye movements is present in space, it is
important to recognize it and to limit tasks that might require such eye movements. If it is present in
humans after space flight, it will be necessary to consider countermethods by which normal OCR can
be restored after landing to minimize postural and gaze deficits.

Vergence is essential for good fixation when moving toward visual targets. We found in the COSMOS

project that there was prolonged depression of vergence in response to naso-occipital linear acceleration
in the monkey. These findings are provocative but incomplete in that only two subjects were recorded.
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Studies on vergence will be done in the present experiments. If there were problems with verging the
eyes while moving toward targets after landing, it could have important function significance.

A major advance will be development of a three-dimensional model of the VOR which will include
both angular and linear acceleration inputs, and will account for dynamic changes that alter the
orientation of the system vectors to the vector of gravito-inertial acceleration. This will provide
fundamental understanding of how processing of otolith information and spatial orientation are altered
in the absence of gravity.

Findings from space research can readily be applied to human disorders on Earth. First, we will gain
understanding of how spatial orientation is disrupted in all conditions in which there is postural
imbalance or gaze instability. An example where such information will have important clinical
significance is in postural imbalance of the elderly.

We are developing a new three-dimensional, binocular video technique for recording eye movements
that has potential clinical significance. It is readily applied, non-invasive and highly accurate, and
should become the method of choice for studying patients with vestibular and oculomotor disorders.

Publications, Presentations, and Other Accomplishments:

Dai, M., Cohen, B., and Raphan, T. Mt Sinai Sch Med & Brooklyn "Ocular Vergence Induced By
Off-Vertical Axis Rotation (OVAR) Before and After Spaceflight (Abstract).” Neurosci., 21, 137
(1995).

Dai, M., McGarvie, L., Kozlovskaya, LB., Raphan, T., and Cohen, B. "Effects of spaceflight on
ocular counterrolling and spatial orientation of the vestibular system." Exp. Brain Res., 102, 45-56
(1994).

Gizzi, M., Raphan, T., Rudolph, S. and Cohen, B. "Orientation of human optokinetic nystagmus to
gravity: a model-based approach.” Exp. Brain Res., 99, 347-360 (1994).
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Clinical Trial of Melatonin as Hypnotic for Neurolab Crew

Principal Investigator:

Charles A. Czeisler, Ph.D., M.D.

Laboratory for Circadian and Sleep Disorders
Medicine

Brigham and Women's Hospital, Boston

221 Longwood Avenue

Boston, MA 02115

Co-Investigators:

Phone: (617) 732-4013

Fax: (617) 732-4015

E-mail: czeisler@tnpQ1.bwh.harvard.edu
Congressional District: MA-8

David Neri, Ph.D. Brigham and Women's Hospital, Boston
Richard Kronauer, Ph.D. Harvard University
Theresa Shanaham, M.D. Brigham and Women's Hospital

Derk-Jan Dijk, Ph.D.
James Wyatt, Ph.D.

Funding:

Project Identification: E104

Initial Funding Date: 10/94

FY 1995 Funding: $62,363

Joint Participation: NIH/National Institute on Aging
Flight Information:

Flight Assignment: Neurolab (STS-90, 3/98)

Responsible NASA Center: Johnson Space Center

Solicitation: 93 OLMSA-01
Expiration: 2/99
Students Funded Under Research: 2

Task Description:

Sleep disruption is common during space flight. A survey of 58 crew members from 9 shuttle
missions revealed that most suffered from sleep disruption and were unable to sleep more than six
hours per day of flight as compared to 7.9 hours per day on the ground. Nineteen percent of crew
members on single shift missions and 50 percent of the crew members in dual shift operations reported
sleeping pill usage (benzodiazepines) during their missions. Although benzodiazepines are effective as
hypnotics, their adverse next-day side effects include sedation, performance decrements, amnesia and

distortions in the sleep EEG.

Our preliminary data suggest that the pineal hormone melatonin, which has been reported to modulate
the output of the human circadian pacemaker, may also have the acute hypnotic properties needed for
treating the sleep disruption of space flight, without producing the adverse side effects associated with
benzodiazepines. We hypothesize that pre-sleep administration of melatonin will result in decreased
sleep latency, reduced nocturnal sleep disruption, improved sleep efficiency and enhanced next-day
alertness and cognitive performance both in ground-based simulations and during the Neurolab mission.

Double-blind placebo-controlled trials are proposed in which: (1) the effectiveness of melatonin as a
hypnotic is assessed independent of its effects on the phase of the endogenous circadian pacemaker in
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ground-based studies, using a powerful experimental model of the dyssomnia of space flight; and (2) the
effectiveness of melatonin as a hypnotic is assessed during the Neurolab mission. In both experiments
the effects of melatonin on sleep stages and spectral composition of the EEG during sleep will be
determined as well as its effects on daytime alertness and performance.

During FY95 we completed the experiment definition for the inflight protocol to examine the hypnotic
effects of melatonin on Neurolab crew. Through continual collaboration with the Experiment Support
Scientist (ESS), Payload Project Manager, and other Sleep Team members at UCSD, NASA and
Lockheed Martin we documented and revised the experiment requirements, redesigning the protocol to
meet all inflight time restrictions. By the end of the year we finalized changes to the inflight protocol
and produced Training and Master Protocols. We also completed negotiations on the contract and
budget for the development phase of the project.

Specifically, at the second Investigator Working Group (IWG) meeting in February we developed our
selection criteria for payload specialists and later forwarded our nomination for payload crew member to
NASA. As a result of our participation in the Mock-Up Demonstration later in the same month we
made several changes to our inflight procedures to facilitate their integration including hypotheses,
experimental design, data collection procedures, and required hardware at the Experiment Requirements
Review (ERR) in March. Based on the results of that review, we revised the relevant sections of the
Experiment Document (ED), submitting the changes to NASA for baselining. At the third IWG in
August we participated in the selection of payload crew candidates. During the subsequent payload
candidate screening process we coordinated the administration of polysomnographic examinations at
various locations around the world, collecting and presenting the data at the fourth IWG. We presented
our current experiment configuration at the Preliminary Design Review (PDR) in August,
concentrating on hardware issues. Following that meeting we baselined additional sections in the ED
for incorporation into the larger Integrated Experiment Document (IED). Late in the fiscal year we
completed the Training Protocol describing the crew preflight orientation and training procedures. At
the same time we drafted the Master Protocol for submission to NASA's Human Subjects Committee.
By the end of the fiscal year we had finalized all the experimental details and budgets for both the
hardware validation (ground-based) and inflight studies. Throughout the fiscal year we continued to
work closely with Physiometrix, Inc. in the modification of the E-net, a newly designed electrode cap,
for use by the payload crew during sleep periods in space.

In summary, at the end of this cycle the inflight experiment has been fully defined, all relevant sections
of the ED have been baselined. Master and Training Protocols have been written, a protocol for the
ground based studies to validate the modified e-net has been finalized, and contract negotiations for the
development phase have been completed.

This work holds promise for the development and identification of a novel, safe and effective hypnotic.
This would have widespread applications, particularly among groups with a high prevalence of
insomnia, such as shift workers and the elderly. Use of the naturally occurring hormone melatonin as a
hypnotic has many potential advantages as compared to currently employed pharmacologic agents. The
extent of melatonin's effects on mood and performance are approximately the same as those produced by
administration of clinically efficacious doses of hypnotic drugs such as the benzodiazepines. However,
unlike the benzodiazepines, melatonin does not appear to impair memory either immediately after
administration or the next day. In addition, residual effects of melatonin on vigilance, reaction time and
alertness do not appear to be present following its use as a hypnotic, although such effects are well
documented following administration of many benzodiazepines. Therefore, regardless of melatonin's
physiological functions, its use as a hypnotic may have advantages over currently available
pharmacologic agents. Actually, at least five major pharmaceutical companies are developing plans for
clinical trials of the hypnotic effects of melatonin for the treatment of insomnia.
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Autonomic Neuroplasticity in Weightlessness

Principal Investigator:

Dwain L. Eckberg, M.D.

McGuire Department

Veterans Affairs Medical Center, Richmond
1201 Broad Rock Boulevard

Richmond, VA 23249

Co-Investigators:

Phone: (804) 675-5776

Fax: (804)231-4493
E-mail: deckberg@aol.com
Congressional District: VA-7

Friedhelm J. Baisch, M.D. DLR Institute of Aerospace Medicine, Germany
Timothy D. Hartwig, D.O. Virginia Comonwealth University
Tadaaki Mano, M.D. Nagoya University, Japan
Funding:
Project Identification: E049 Solicitation: 93 OLMSA-01
Initial Funding Date: 9/95 Expiration:
FY 1995 Funding: $82,297 Students Funded Under Research: 3

Joint Participation: NIH/National Heart Lung and Blood Institute

Flight Information:

Flight Assignment: Neurolab (STS-90, 3/98)
Responsible NASA Center: Johnson Space Center

Task Description:

Astronauts return to earth with modestly reduced blood volumes, abnormal reductions of arterial
pressure and increases of heart rate with standing, and substantial impairment of vagally-mediated
arterial baroreflexes. We propose studies in astronauts to test the hypotheses that 1) baroreflex
malfunction after weightlessness is a consequence of neuroplasticity occurring during weightlessness,
and that 2) autonomic responses to acute and chronic blood volume reductions can be documented, and
that the mechanisms which cause such responses can be defined.

A unique aspect of this research is that muscle sympathetic nerve traffic will be measured directly in
astronauts during blood volume shifts and actual head-up tilt. For the first time, muscle sympathetic
nerve activity will be recorded in space. Baroreflex malfunction after weightlessness, as well as
autonomic responses to reduced blood volume will be investigated with controlled frequency breathing,
arterial baroreceptor reflex responses, spontaneous arterial pressure and R-R interval fluctuations, lower
body negative pressure, passive 60° head up tilt, ramped/graded neck pressure and suction, and valsalva
maneuvers.

Subtle changes that occur at microgravity may physiologically become highly significant after return
to the 1-G environment. There are compelling general scientific reasons to take advantage of the access
to microgravity to study the dynamic aspects and integration of neural regulation of the cardiovascular
system. The unique environment of space with the absence of hydrostatic gradients and the reduction in
the overall level of physical activity drastically alters the operating conditions of the circulatory
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system. Analysis of the effects of microgravity on specific aspects of neural regulatory mechanisms as
proposed in the present study has the potential to produce new information on properties of
physiological control mechanisms.

During the past year, much progress has been made regarding the organizational aspects of this
complicated project. Experimental integration with other members of the Autonomic Control Team is
complete. Inflight hardware has been defined, and steps have been taken to test the equipment
astronauts will be asked to use during flight. One of the team’s primary concerns (the measurement of
muscle sympathetic nerve traffic during lower body negative pressure in space) is close to being
resolved. Ground-based studies designed to address specific scientific aspects of each experimental
protocol are currently underway.

This research will address issues of great physiological and pathophysiological interest. First, it should
improve understanding of a basic physiological mechanism: human cardiovascular autonomic responses
to standing upright. Second, it should improve understanding of pathophysiological mechanisms of
enormous public health significance. For example, hypertension, which afflicts over 60 million
Americans, is associated with impairment of autonomic cardiovascular control. Another example is
acute myocardial infarction and a closely related problem, sudden cardiac death. Sudden cardiac death is
the largest cause of death in developed countries; the number of people who die suddenly of catastrophic
dysrhythmias dwarfs the number of people who die of other public health problems, including AIDS,
which attract much more media attention and research funding. In cardiac patients, abnormal autonomic
cardiovascular control (as reflected by impairment of baroreceptor-cardiac reflexes and reduced heart rate
variability) indicates which patients are at greatest risk for subsequent cardiac events. Therefore,
understanding of how autonomic cardiovascular control mechanisms become impaired may be very
important. It is the nature of human research that patients with pathologic conditions are not evaluated
before they become ill. (Physicians who would study such patients do not know who will become ill.)
Therefore, astronauts present a great opportunity: they can be studied before space missions, when they
are normal; in space, as they become abnormal; and after return to earth as they become normal again.
Such longitudinal evaluation of patients is not possible.

Publications, Presentations, and Other Accomblishmen’rs:

Fritsch-Yelle, .M., Charles, J.B., Jones, M.M., Beightol, L.A., and Eckberg, D.L. "Space flight
alters autonomic regulation of arterial pressure in humans.” J. Appl. Physiol., 77 (4), 1776-1783
(1994).

Smith, M.L., Beightol, L.A., Fritsch-Yelle, .M., Ellenbogen, K.A., Porter, T.R., and Eckberg, D.L.
"Valsalva’s maneuver revisited -- insights into central modulation of human autonomic cardiovascular

outflow." Am. J. Physiol., (In Press).

Smith, M.L., Fritsch, J.M., and Eckberg, D.L. "Rapid adaptation of vagal baroreflexes in humans."
J. Autonom. Nerv. Syst., 47, 75-82 (1994).
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CNS Control of Rhythms and Homeostasis during Spaceflight

Principal Investigator:

Charles A. Fuller, Ph.D. Phone: (916) 752-2979

Section of Neurobiology, Physiology & Fax: (916) 752-5851
Behavior E-mail: cafuller@ucdavis.edu

University of California, Davis Congressional District: CA-3

Davis, CA 95616-8519
Co-investigators:

Tana M. Hoban, Ph.D. University of California, Davis
Dean M. Murakami, Ph.D. University of California, Davis
Funding:
Project Identification: Solicitation: 93 OLMSA-01
Initial Funding Date: 10/95 Expiration:
FY 1995 Funding: $25,000 Students Funded Under Research: 6

Joint Participation: NIH/National Heart Lung and Blood Institute
Flight Information:

Flight Assignment: Neurolab (STS-90, 3/98)

Responsible NASA Center: Ames Research Center

Task Description:

Animals have evolved and developed within the constant gravitational environment of the earth and the
dynamic changes in the environment associated with the 24 hour day. A key element in the evolution
of mammals was the development of homeostasis, the ability to maintain a relatively constant internal
environment. An evolutionarily older adaptation was the development of the ability of organisms to
temporally coordinate their physiology and behavior both internally and with the external day. The
circadian timing system (CTS) is an important temporal organizer controlling both physiology and
behavior. The importance of proper CTS function is illustrated by the fact that conditions such as jet-
lag, shift-work, and some sleep and mental disorders are frequently associated with dysfunction of the
CTS. Animals exposed to the microgravity environment of space flight exhibit alterations in both
CTS function and homeostasis. These alterations have included: changes in body temperature
regulation and metabolism, changes in the timing of physiological and behavioral functions,
fragmentation of the sleep-wake cycle and even desynchronization of some rhythmic variables from the
external light-dark cycle. In addition, our previous studies have shown that exposure of both mature
and developing animals to hyperdynamic fields via centrifugation significantly affects both the CTS and
homeostasis. This research proposal will examine the physiology of the CTS and homeostatic control
systems of animals exposed to space flight. These studies will examine the effects of space flight on
four areas: (1) Circadian rhythms. (2) Neural responses of the circadian pacemaker and the sensory
pathway for light information from the retina to the CTS. (3) Adaptations in homeostatic regulation.
(4) Neural changes in hypothalamic nuclei that regulate specific homeostatic functions. We will thus
be examining the effects of space flight on selected physiological systems and on the central neural
controllers of the same systems.
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During the first year of the NASA Grant, Effect of Gravity on the Regulation of Circadian Rhythms,
several of the specific aims have been accomplished. Our previous studies have examined the circadian
rhythms and demonstrated that a one hour phase shifting light pulse will induce significant c-Fos
expression within SCN neurons in Sprague-Dawley and Wistar rats. However, the rodent model
chosen for Neurolab was the Fisher 344 strain of which this laboratory has not examined. Therefore,
the first series of studies examined the suitability of the Fisher 344 rat for the purposes of our proposed
flight experiments. Fisher 344 rats were implanted with biotelemetry units to measure body
temperature and activity. The circadian rhythms of the Fisher 344 rats did not exhibit as consistent
circadian rhythms periods or stability of entrainment as other strains. Additional analysis will be
necessary to determine how well circadian measures can be quantified in this rat strain. We have also
examined the effect of a one hour light pulse on c-Fos expression in SCN neurons of Fisher 344 rats.
Fisher 344 rats exhibited the normal increase in c-Fos expression following a one hour phase shifting
light pulse, but may not be as intense as other strains. There have also been several studies that have
examined the protocols that will be used for Neurolab. We have tested the adequacy of using
immersion fixation of the brain in 4% paraformaldehyde for immunohistochemistry histology.
Although the background of the stained tissue was slightly greater, the procedure appears adequate for
our needs. We have also been testing the surgical procedures and flight hardware that will record the
circadian rhythms of the flight and control rats. We have implanted a number of animals and trained
personnel on the surgical protocol. Several improvements in our surgical procedures have increased
efficiency, reduced surgical time, and improved recovery time of the rats from surgery. The rats that
have been recorded show that the transmitter is working. However, the recording hardware has not been
adequate for reliable measures of rhythms.

The results from the research to date complement the other planned supporting studies for FY96. We
will examine c-Fos expression in the SCN of rats that have been exposed to a light pulse of different
intensities and length to determine the optimal flight protocol. In addition, we will continue to test the
flight hardware so that it will be adequate for rhythm analysis. It will be necessary to continue our
examination of the Fisher 344 rats for circadian rhythms to be sure that they are consistent and stable
during entrainment and constant lighting conditions. We will also modify our immunohistochemistry
protocols in order to improve the staining.

Space flight has taken humans and animals into a new environment, removed from Earth's normal
gravitational field and daily cyclic fluctuations. These environmental changes induce an adaptive
response in many physiological systems that may temporarily or permanently result in dysfunction.
For example, Apollo astronauts experienced perceptions of cold discomfort, even though body and
ambient temperatures remained in the normal range. Whether the perception of cold discomfort was due
to gravitational effects on thermoregulatory mechanisms or possible desynchrony of temperature
rhythmicity induced by abnormal circadian rhythms is not known. Another example is that of space
adaptation syndrome which is primarily thought to involve microgravity's effect on vestibular and
kinesthetic sensory systems. Further, desynchronization of circadian rhythms during space flight may
contribute to this adaptation and result in physiological discomfort analogous to jet-lag. Surveys
reveal that most crew members suffered from sleep disruption during the missions, while cosmonauts
on long-term missions appear to have been particularly vulnerable to the effects of fatigue. It is thus
not surprising that some astronauts use sleeping pills. Misalignment of circadian rhythms may play a
prominent role in these disturbances. These few examples demonstrate that the biomedical problems of
space will require an examination of the respective contribution of gravity and circadian rhythmicity to
these adaptation syndromes. '
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Chronic Recording of Otolith Nerves in Microgravity

Principal Investigator:

Stephen M. Highstein, M.D., Ph.D. Phone: (314) 362-1012
Department of Otolaryngology Fax: (314)361-6416

Washington University School of Medicine E-mail: highstein@wums.wustl.edu
517 South Euclid Avenue Congressional District: MO-3

St. Louis, MO 63110
Co-Investigators:

Kaoru Yoshida University of Tsukuba, Japan

Shiro Usui, Ph.D. Toyohashi University of Technology
Funding:

Project Identification: Solicitation: 93 OLMSA-01

Initial Funding Date: 12/95 Expiration:

FY 1995 Funding: $99,150 Students Funded Under Research: 2

Joint Participation: National Science Foundation
Flight Information:

Flight Assignment: Neurolab (STS-90, 3/98)

Responsible NASA Center: Ames Research Center

Task Description:

The overall goals of the proposed research are to study the effects of microgravity on the response
dynamics of the afferents of the utricle and saccule and to study any activation and action of the efferent
vestibular system related to the microgravity environment. We will utilize toadfish, Opsanus rau, with
multichannel wafer electrodes placed in the nerves innervating the saccule and utricle. These electrodes
will be chronically implanted into a small cut made in these nerves, and individual axons will
regenerate through the pores in the electrode to yield chronic recordings. We will record the responses
of both primary afferents and central nervous system efferent fibers. We will characterize responses in
normal and microgravity. Because we will record from the same fibers in both environments, we will
have a measure of the effects of reduced gravity upon the performance of the otolithic organs and will
assess whether the microgravity environment leads to the activation of the efferent vestibular system.
Results of these experiments will bear upon theories that invoke the action of the efferent system as
one of the etiologies of space adaptation syndrome. Further, studies of the cellular and systems science
aspects of the vestibular system and its efferent control add information about function and may bear
upon future therapies and mechanisms for the control of Earth bound motion sickness.

Progress to date has resulted in the refinement of the implantable wafer electrode and its cable and
interconnect. We have implanted 10 animals and succeeded in recording neural activity from three. Our
best case lasted six months but recently pulled its implant away from its anchor on the skull. We
presently have five new animals implanted and are awaiting testing of their responses. If one of these
animals demonstrates neural activity we will transport it to Japan for participation in the parabolic
flight experiments in early March.
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We continue to study the time course and biology of regeneration of severed VIIIth nerves. This is
highly important because it is regenerated fibers that grow through our wafer electrode to provide the
biological neural signals for study. It is important to establish whether regenerated nerves have the
same biological, neurophysiological, and electrophysiological properties as normal, unsevered nerves to
establish the validity of our model system. Studies do indicate that regenerated fibers appear
completely normal. Several manuscripts are in preparation.

We are continuing to experiment with perfecting the wafer electrode. The present design is in a *‘spade”
configuration and is inserted into a small cut transverse to the nerve. The University of Michigan is
also manufacturing a round electrode that will be fitted with tubes to guide nerve growth through the
electrode. The material composing these tubes is presently under study at the University of Utah and
we hope to have electrodes of this design to implant later this year.

A major stumbling block has been the design of the electronics to transmit the nerve signals and
acceleration signals from the animal to a recording device. Because the experimental protocol requires
continuous recording before, during, and following the flight a battery powered amplification and
transmission system is impractical. Therefore, in collaboration with Max Deffenbaugh, an MIT
graduate student, we have developed a system for inducing power into the amplification and
transmission system. Hopefully our Japanese partners are perfecting this technology and we await the
Critical Design Review at a later date this year.

We have a long-term commitment to the study of the acousticolateralis system in the toadfish,
Opsanus tau, and have studied this system extensively. Fish vestibular systems compare favorably
with those of animals. Vestibular organs, particularly the semicircular canals, were highly evolved
when vertebrates first appeared; their function has not appreciably changed. Bode plots that describe
canal response dynamics are remarkably similar across the vertebrate phyla. Inter-species differences
appear to be related to the lifestyle of the particular animal reflecting the range of angular and linear
accelerative forces experienced. Thus we expect that our results, obtained from fish, will bear directly
on the human condition.

The saccular and utricular maculae of the vestibular system primarily sense the linear acceleration
vector consisting of gravitational and inertial components. We propose to chronically record otolithic
afferent responses in freely moving animals before, during, and after space flight to assess the effects of
microgravity. Because this experiment will include the results of the gravitational unweighting of the
otolithic mass, we should be able to delineate the effects of the inertial and gravitational components of
the acceleration vector. Otolithic organ morphology and physiology has been highly conserved
throughout evolution. Thus, these results should mimic the identical physiology occurring
simultaneously within the ears of the astronauts accompanying our fish in the NASA shuttle. We
hypothesize that there will be changes in the firing pattern of otolithic afferents when the otolithic
mass is “unweighted” in microgravity; inertial responses should be unchanged.

There are profound interactions of the vestibular system with all of the body’s sensory, motor,
vegetative, and cognitive functions. These interactions begin with the vestibular end organ that senses
the linear acceleration vector consisting of gravitational and inertial components. This information
travels to the brain via the VIIIth cranial nerve to allow computations about dynamic and static
position of the head. Knowledge about the variability in the function of the linear accelerometers
resident in the inner ear in parallel with variations of the gravity vector will add information that has
profound implications for vestibular and other bodily functions. Further, space adaptation syndrome
presumably begins with “aberrant” information about the gravity vector originating within the inner
ear. Those animals lacking a labyrinth do not manifest space adaptation syndrome or motion sickness.
The central nervous system also contains neurons that are “efferent” or project from the brain to the
labyrinth to modify incoming information before it reaches the brain. Previous extensive experiments
upon the efferent vestibular system have led to the characterization of its effects upon the labyrinth.
Because we will record from the same otolithic fibers in normal and in microgravity, we will have a
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measure of the effects of reduced gravity upon the performance of the otolithic organs and will also be
able to assess whether the microgravity environment leads to the activation of the efferent vestibular
system. Results of these experiments will bear upon theories that invoke the action of the efferent
system as one of the etiologies of space adaptation syndrome. Results concerning space adaptation
syndrome may also apply to terrestrial motion sickness.

Publications, Presentations, and Other Accomplishments:

Mensinger, A.F. and S.M. Highstein "Physiology of vestibular nuclei in the toadfish, Opsanus tau."
Neurosci. Abs., 21, (1995).
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Anatomical Studies of Central Vestibular Adaptation

Principal Investigator:

Gay R. Holstein, Ph.D. Phone: (212) 241-7072
Department of Neurology Fax: (212) 348-1310

Box 1140 E-mail: grhms@cunyvm.cuny.edu
Mount Sinai School of Medicine, New York Congressional District: NY-14

One Gustave L. Levy Place
New York, NY 10029

Co-Investigators:

Giorgio Martinelli, D.Sc., Ph.D. Mount Sinai School of Medicine
Funding:

Project Identification: Solicitation: 93 OLMSA-01

Initial Funding Date: Expiration:

FY 1995 Funding: $ Students Funded Under Research: 0

Joint Participation: NIH/National Institute on Deafness and other Communication Disorders

Flight Information:

Flight Assignment: Neurolab (STS-90, 3/98)
Responsible NASA Center: Ames Research Center

Task Description:

Exposure to microgravity causes postural, locomotor and oculomotor modifications. In order to realize
long-term space flight, effective countermeasures for these abnormalities must be developed. Toward
this end, it is essential to understand the cellular and biological basis underlying centrally-mediated
vestibular adaptation to altered gravity conditions.

The objective of the proposed research is to identify the morphologic alterations in rat cerebellar cortex
that correlate with sensory and motor adaptation to microgravity. We propose ground-based and space-
based studies to test the hypotheses that (a) ultrastructural alterations accompany adaptation to
microgravity, and (b) such alterations are pathway and neurotransmitter-specific. The merit of this idea
has been emphasized in several brief communications by Krasnov and co-workers, in which
ultrastructural changes in Purkinje cell synaptology have been reported in the nodulus of rats following
space flight. These observations are of particular interest because Purkinje cells in the nodulus control
habituation of the vestibulo-ocular reflex, and are likely to be critical for maintaining spatial
orientation with regard to gravity. In addition, physiologic investigations have clearly indicated a role
for the flocculus in controlling specific aspects of the VOR.

We propose to study the cerebellar cortex from: (1) brain tissue already processed in our laboratory from
flight and control rats of PARE.0.2 from the STS-54 shuttle mission; (2) flight and control rats from
the Neurolab shuttle mission; and (3) naive laboratory rats. The tissue will be used for quantitative
ultrastructural and immunocytochemical studies of synaptic circuits in the nodulus and ventral uvula,
flocculus and paraflocculus, and non-vestibular cerebellar cortex. We expect to obtain stereological data
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supporting a change in synaptology in vestibular, but not in nonvestibular, cerebella of flight rats.
The qualitative and/or quantitative differences in excitatory amino acid and GABAergic
neurotransmission in the nodulus and flocculus of flight rats will also be compared to controls and
naive animals.

We expect to obtain critical information about the alterations in synaptology and neurotransmitter
localization in the nodulus and flocculus that accompany adaptation to microgravity. The identification
and characterization of GABAergic and GABA-receptive clements in this paradigm should lead to a
greater understanding of how inhibition is modified in neuronal circuits during behavioral adaptation.
Similarly, delineation of the microgravity-induced alterations in excitatory glutamatergic transmission
will contribute to our basic knowledge of the morphologic basis for cerebellar-mediated motor learning.
Through comparison of tissue from ground-based rats with animals sacrificed postflight and animals
sacrificed during flight, it will be possible to localize, characterize and quantify the site(s) and synapses
that mediate vestibular adaptation phenomena in space.

No additional data was provided by the investigator for this research.
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Effects of Space Flight on Drosophila Neural Development

Principal Iinvestigator:

Haig S. Keshishian, Ph.D. Phone: (203) 432-3478

Department of Biology Fax: (203) 432-5820

Room 640 KBT E-mail: hkeshis@yaleVM.cis.yale.edu
Yale University Congressional District: CT-3

P.O. Box 208103
New Haven, CT 06520-8103

Co-Investigators:

No Co-I's Assigned to this Task

Funding:
Project Identification: Solicitation: 93 OLMSA-01
Initial Funding Date: 8/94 Expiration:
FY 1995 Funding: $72,162 Students Funded Under Research: 3

Joint Participation: National Science Foundation
Flight Information:

Flight Assignment: Small Payload (TBD)

Responsible NASA Center: Ames Research Center

Task Description:

This project will examine the development of synaptic connectivity under the conditions of
microgravity and space flight. The analysis will be confined to two motoneurons, the cells RP1 and
RP3, and their three targets, muscle fibers 13, 7 and 6. More is known about the development of these
two cells than for any other neurons in Drosophila. As a result, the RP neurons will serve as
excellent benchmarks to determine whether there is any effect of microgravity on the development of
individual neurons and identified synapses. Even subtle defects and targeting errors will be readily
detected. In the seven abdominal segments from Al to A7 there are paired sets of RP neurons, with
each set innervating targets in the contralateral half-segment. All the sets of RP neurons behave
identically. The motoneurons follow the same trajectories and choose the same segmentally
homologous synaptic targets. Thus we will be able to examine synaptic development with single cell
resolution in a large sample set of neurons. This will improve the accuracy of the planned
morphometric characterizations. Finally, as the development of these neurons is very rapid, we can
examine all the events of neural differentiation, from axon outgrowth to target exploration to the
maturation of a synapse within the time constraints of a single shuttle flight. Our goals are to
examine quantitatively four key events in the development and maturation of synapses during
embryonic and post-embryonic life. These will be characterized using digital optical microscopy,
immunocytochemistry, and single cell morphometry. As development in the Drosophila embryo can
be suspended and resumed by temperature shifts, it will be possible to accurately control the exposure
to microgravity, and examine discrete developmental exposures covering critical times in the
differentiation of the motoneurons. The morphological development of RP1 and RP3 will be
determined 1) as they navigate the embryonic CNS and periphery to seek our their peripheral targets;
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2) as they innervate their respective muscle fibers; and 3) as the synapses differentiate and develop their
mature form during embryonic and post-embryonic life. Finally, 4) we will determine the extent to
which the neurons and their targets maintain correct connectivity during development under the
conditions of space flight. We propose that by focusing on two singly identified neurons with already
well understood normal development, any developmental errors involving axon guidance and
synaptogenesis will be readily detected and interpreted.

The project being performed for Neurolab has several important ground-based development goals, for
which we are making important progress. First, we wish to define the appropriate developmental
stages for study by calibrating the temperature shifts we will do to expose the embryos and larvae to
microgravity at specific times during development. This has been placed on hold by us due to the fact
that the project will be flown as a small payload on a shuttle mission still to be determined. As we do
not have information about the expected flight, we are not at present (1/96) able to make the precise
determinations for the times when temperature shifts should be made. This is because we currently
have no information about mission duration, which flight days and times the crew will be available to
perform the experiment, or which temperature incubators will be available for our project. Once this
information is available, we will be able to proceed promptly with this aspect of the study.

The second goal for this project is to develop Drosophila lines suitable for mass analysis of
neuromuscular development. In this direction we have made extensive progress during 1995. In
particular, we are examining lines using both heterologous promoters such as the GAL4-UAS system,
as well as transgenes expressing specific reporter constructs with expression in subsets of cells in the
developing system. As a pilot for this, we have made a P-element transformation vector using the
green fluorescent protein (GFP) as a reporter (see below), which will allow scoring of neural anatomy
en masse in whole mount using fluorescent microscopy without the need for either dissection or
specific labeling. In addition, we have begun examining GAL4 lines using the mutant GFP protein,
which is a significantly brighter reporter. There is no difficulty in obtaining excellent images from
undissected embryos at the developmental stages when the mesoderm and nervous system are
undergoing their differentiation. The problem is to identify the relevant cells conveniently, and to do
so in whole mount after stage 17 of embryogenesis is a daunting task. As noted in the original
proposal, we planned to avoid dissection, as this will be a major rate-limiting step in the analysis of
the embryos and larvae. A goal of the ground-based studies for Neurolab is to develop robust cellular
reporters to make this possible in whole mount embryos and larvae. We now have the tools needed to
image neurons in undissected animals and get high resolution images through the cuticle in larvae.
This has been made possible by the development of Green Fluorescent Protein (GFP) probes of the
jellyfish Aequorea victoria . GFP is intensely fluorescent and shows relatively little photoinactivation.
We have constructed a P-element transformation vector bearing a lacZ-GFP fusion gene under the
control of a minimal hsp70 promoter. A polylinker upstream of the promoter allows for the insertion
of enhancer sequences to drive expression of the gene. Our initial pilot work has been to create two
lines, using either the mesoderm-specific or ectodermal regions of the Toll enhancer. We chose the
Toll enhancer for reasons related to other studies in the lab, but it has proven to be a good pilot for
other enhancers we will use for the Neurolab mission. The mesodermal enhancer drives expression of a
lacZ reporter gene in a subset of ventral muscle fibers and their precursors beginning at approximately
stage 12. The CPLG reporter we have constructed will be an effective marker for vital studies, using
GFP as the reporter. It should be noted that it is possible to generate a variety of different expression
patterns by selecting appropriate enhancer sequences. A wide array of suitable enhancers are available
for Drosophila, and we are planning to use them to generate lines for the Neurolab mission. The status
of this project at the time of writing is that two transformation vectors bearing the mesoderm-specific
and the epidermal-specific Toll enhancer elements have already been prepared and we are doing embryo
injections, with a goal to have stable germline transformants available for preliminary tests by winter
1996. Another route to create fluorescently marked precursors is the GAL4/UAS expression system
developed by Brand and Perrimon (1993). This technique allows one to use a regulatory element of
interest to drive expression of the transcriptional activator GAL4. GAL4 in turn binds to UAS
sequences fused to the coding region of a reporter of interest, driving expression. For our work we will
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use a Drosophila line where the regulatory UAS sequences have been fused to the coding region of
GFP. We are currently using two UAS-GFP lines. The first is a kind gift of G. Boulianne,
University of Toronto, Toronto, Canada, and the second contains the mutant form of GFP, developed
by Barry Dickson, U. Calif., Berkeley. A wide array of GAL4 lines suitable for labeling the
developing CNS are available, and we are also examining lines with ubiquitous expression in the CNS
and periphery, such as the GAL4-elav line. This line is especially advantageous, because it gives
excellent whole animal expression in larvae. Using it we have succeeded in examining fluorescently
neuromuscular projections as late as the third instar in undissected live animals. All central and
peripheral neurons are intensely fluorescent, and they can be examined in situ through the cuticle.

We have obtained our color CCD camera, and it has been integrated into our video imaging system.
This new hardware is making it possible to easily archive anatomy from double-labeling experiments.
We plan in the coming year to upgrade our image capture hardware to 24bit color, and to add to our
morphometric software.

Studies on Drosophila have already demonstrated that it is an excellent model system for studying
synaptogenesis at the cellular and molecular level. If plans exist for long-term human exposure to
reduced gravity, it is essential that all consequences to normal development and plasticity be understood
at the cellular and molecular level. Vertebrate somatosensory and motor systems undergo extensive
plasticity throughout life (including the adult), and therefore microgravity may potentially cause long-
term changes or injury to the CNS and peripheral synapses of humans. If prolonged exposure to
microgravity is anticipated (as in the case of the International Space Station or related missions), then
these studies using a model genetic system will prove valuable for identifying the kinds of changes in
nervous system connectivity which may occur in humans.

Two general benefits will result from these studies: 1. The reporter constructs will be of great value
to all researchers interested in examining nervous system development in Drosophila, both for
mutagenesis studies and for examining normal development. Thus, the Drosophila lines being
developed specifically for the Neurolab mission will be of wide utility to the research community for
other studies. 2. Insights into the role of alterations in neuromuscular activity will be of considerable
value in examining the problem of synaptic plasticity.

Publications, Presentations, and Other Accomplishments:

Chiba, A, P. Snow, H. Keshishian, Y. Hotta "Fasciclin III as a synaptic recognition molecule in
Drosophila." Nature, 374, 166-168 (1995).

Farrell, E, Fernandes, J. and H. Keshishian "Muscle organizers in Drosophila: The role of persistent
larval fibers in adult flight muscle development.” Devel. Biol., under review, (1995).

Fernandes, J., H. Keshishian "Neuromuscular development in Drosophila: Insights from embryos and
pupae.” Curr. Opin. Neurobiol., 5, 10-18 (1995).

Halfon, M., C. Hashimoto, H. Keshishian "The Drosophila Toll gene functions zygotically and is
necessary for proper motoneuron and muscle development.” Devel. Biol., 169, 151-167 (1995).

Jarecki, J. and H. Keshishian "The role of neural activity during synaptogenesis in Drosophila." J.
Neurosci., 15, 8177-8190 (1995).

Keshishian, H, Broadie, K, Chiba A., and M. Bate "The Drosophila neuromuscular junction;: A mode!

system for studying synaptic development and function.” Annual Review Neurosci., 19, Annual
Review Press (in press).
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Neuronal Development Under Conditions of Space Flight
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Harvard Medical School LMRC Fax: (617) 732-7787
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Funding:
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Responsible NASA Center: Ames Research Center
Flight Hardware Required: RAHF

Task Description:

The proper development of the nervous system requires sensory input. For example, the development
of sight requires visual input during a critical period. If a child does not use one eye early in life
because it is not aligned with the other eye, a very common condition called strabismus may cause
blindness in the unused eye. Even after the eyes are realigned vision may not be restored. If visual
input does not occur during the critical period, then sight may be lost for life. Our question in this
study is whether the sensory information provided by gravity after birth is necessary for the
development of spatial ability. We will take a first step toward answering this question by first
studying the structure and function of certain brain areas. We will determine whether animals returning
from space have a normal number of synapses, the connections between brain cells; whether certain key
molecules become mature as in earth-based animals; and whether they develop the connections
necessary to express memory circuits. These studies will tell us whether the brain has developed
normally.

We have developed a tentative dissection procedure to secure tissue from the regions of the brain that
may be affected by space flight. Tissue samples from key regions were placed in a special flask to
retain a cold temperature for 3 days. To determine whether we could assess the maturation of certain
key molecules, we extracted RNA from these tissue fragments, followed by a technique called PCR to
determine whether the RNA for the specific molecules of interest were present and intact. We found the
technique was successful for detecting the molecules of interest. Tissue was fixed under various
conditions to determine whether we will be able to observe and count synapses. While the tissue was
adequate for these purposes, certain morphological features were obscured by the fixation conditions.
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Ensemble Neural Coding of Place and Direction in Zero-G

Principal investigator:

Bruce L. McNaughton, Ph.D. Phone: (602) 626-2615
ARL Division of Neural Systems, Memory and Fax: (602) 626-2618

Aging E-mail: bruce@nsma.arizona.edu
Department of Psychology Congressional District: AZ-5

Life Science North Building
University of Arizona
Tucson, AZ 85724

Co-Investigators:

James J. Knierim, Ph.D. University of Arizona
Funding:
Project Identification: Solicitation: 93 OLMSA-01
Initial Funding Date: 8/94 Expiration:
FY 1995 Funding: $102,658 Students Funded Under Research: 3

Joint Participation: NIH and Office of Naval Research
Flight Information:

Flight Assignment: Neurolab (STS-90, 3/98)

Responsible NASA Center: Ames Research Center

Task Description:

Recent neurophysiological and behavioral experiments strongly suggest that the capacity for rapid and
effective spatial orientation is based primarily on the interaction between a set of high-order neurons
that transmit a representation of spatial location, and an extensive network of neocortical and
subcortical neurons which use vestibular, angular velocity information to compute and transmit a
signal reflecting the azimuthal component of the animal’s head orientation, relative to an inertial
reference framework. Clearly, the fact that this orientation system is based on azimuthal information
with respect to the local gravitational field suggests that problems may develop in low or zero-gravity
situations. The present proposal for the NEUROLAB mission aims to use neurophysiological
experiments in freely behaving rodents to address the question of how this crucial system performs and
adapts under low gravity conditions. Methods developed in this laboratory have enabled the
simultaneous recording from large numbers of neurons involved in the spatial orientation system and
which enable the same neuronal ensembles to be studied over periods of up to several weeks. This
technology will maximize the amount of relevant neurophysiological data that can be obtained from a
small number of rodents (2-4). We realistically expect to be able to obtain well isolated unit recordings
from as many as 1000 neocortical, thalamic and tectal neurons over the course of a single mission, and
to study the ensemble interactions of 50-150 cells in any given recording experiment.

The feasibility of performing behavioral tasks in 0-g were verified in KC-135 tests. Refinements of

the implant hardware are near completion. Testing of the Research Animal Holding Facility (RAHF)
cage suitability for rats with implants is underway. Refinement of behavioral task hardware is
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underway. Development of a electronic and computer system for data acquisition is proceeding slightly
behind schedule due to funding disruption. It is anticipated that a working prototype will be available
for a KC-135 flight test in late Spring 1996.

The research seeks answers to fundamental questions about the brain mechanisms for the development
of high level cognition maps of the world. The same neural structures are also involved in the
establishment of long-term ‘episodic’ memories of experience. The knowledge obtained will aid in the
development of better conceptual models for the neural basis of these phenomena and hence in the
development, ultimately, of ameliorative treatments for deficits in these processes resulting from
developmental disorders, brain trauma, drug abuse, disease and normal aging.

Publications, Presentations, and Other Accomplishments:

Abdulaziz, T.M., C.A. Barnes, B.L. McNaughton, L.T. Duffield and L.T. Church "A delayed
conditional spatial discrimination task for rats.” Society for Neuroscience Meeting, Miami, FL,
November, 1994,

Barnes, C. A., B. L. McNaughton, D.S. Bredt, C.D. Ferris and S.H. Snyder "Long-term potentiation:
A debate of current issues (contribution: Nitric oxide synthase inhibition in vivo: Lack of effect on
hippocampal synaptic enhancement or spatial memory).” Edited by: M. Baudry and J. Davis vol 2, pp
37-43, 1994.

Barnes, C.A., C.A. Erickson, S. Davis and B. L. McNaughton "Brain and Memory: Modulation and
Mediation of Neuroplasticity (contribution: Hippocampal synaptic enhancement as a basis for learning
and memory: A selected review of current evidence from behaving animals).” Edited by: J. L.
McGaugh Oxford University Press, London, pp 259-276, 1995.

Barnes, C.A., M.W. Jung, B.L. McNaughton, D.K. Korol, K. Andreasson and P.F. Worley "LTP
saturation and spatial learning disruption: Effects of task variables and saturations levels." Journal of
Neuroscience, Vol 14, 5793-5806 (1994).

Chen, L.L., L.-H. Lin, C.A. Barnes and B.L. McNaughton "Head-direction cells in the rat posterior
cortex. II. Contributions of visual and ideothetic information to the directional firing." Experimental
Brain Research, Vol 101, 24-34 (1994).

Chen, LL., L.-H. Lin, E.J. Green, C.A. Barnes and V.L. McNaughton "Head-direction cells in the
rat posterior cortex. I. Anatomical distribution and behavioral modulation.” Experimental Brain
Research, Vol 101, 8-23 (1994).

Chialvo, D.R., C.A. Barnes, B.L. McNaughton, K.M. Gothard and M. Mehta "Cooperative role of
periodic driving and random background input in governing theta cell output in rat hippocampus."
(Abstract) Society for Neuroscience Meeting, San Diego, CA, November, 1995.

Edwards, F.A. (Rapporteur), P. Andersen, A. Artola, J. Bockaert, T. Bonhoeffer, G.L. Collingridge,
M.B. Kennedy, R.C. Malenka, B.L. McNaughton, H. Monyer, R.A. Nicoll and C.F. Stevens
"Dahlem Workshop on Cellular and Molecular Mechanisms Underlying Higher Neural Functions
(contribution: Group Report: How adequate are current explanations of long-term
potentiation/depression?)." Edited by: Selverston, A.L and P. Ascher, John Wiley & Sons, New
York, pp 223-245, 1994,

Gerrard, J. L., I. Ginzburg, C.A. Bamnes, T.J. Sejnowski and B.L. McNaughton "Accuracy of

hippocampal place fields in predicting location is enhanced in the presence of theta rhythm." (Abstract)
Society for Neuroscience Meeting, San Diego, CA, November, 1995.
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Gothard, K.M., W.E. Skaggs and B.L. McNaughton "Interactions between multiple spatial reference
frames in the rat hippocampus.” (Abstract) Society for Neuroscience Meeting, San Diego, CA,
November, 1995.

Gothard, K.M., W.E. Skaggs, K.M. Moore and B.L. McNaughton "Behavioral correlates of
hippocampal CA1 cells in a landmark navigation task." (Abstract) Society for Neuroscience Meeting,
Miami, FL, November, 1994.

Gray, CM., P. Maldonado, M. Wilson and B.L. McNaughton "Tetrodes markedly improve the
reliability and yield of multiple single unit isolation from multiunit recordings in cat striate cortex. "
Journal of Neuroscience Methods, vol 63, 43-54 (1995).

Gray, C.M., P. Maldonadol, M. Wilson and B.L. McNaughton "Tetrodes markedly improves the yield
and reliability of multiple single unit isolation from multiunit recordings in cat striate cortex.”
(Abstract) Society for Neuroscience Meeting, Miami, FL, November, 1994.

Jung, M.W,, S.I. Wiener and B.L. McNaughton "Comparison of spatial firing characteristics of units
in dorsal and ventral hippocampus of the rat." Journal of Neuroscience, vol 14, 7347-7356 (1994).

Jung, MW, S.I. Wiener, K. Moore, S. Kipen and McNaughton, B.L. "Variations in place-specific
firing of hippocampal neurons along the septotemporal axis.” (Abstract) Society for Neuroscience
Meeting, Miami, FL, November, 1994,

Jung, M.W., Y. Qin, B.L. McNaughton and C.A. Barnes "Behavioral correlates of rat prefrontal
cortical units during spatial working memory tasks.” (Abstract) Society for Neuroscience Meeting,
San Diego, CA, November, 1995.

Knierim, J.J. and B.L. McNaughton "Differential effects of dentate gyrus lesions on pyramidal cell
firing in 1- and 2- dimensional spatial tasks." (Abstract) Society for Neuroscience Meeting, San
Diego, CA, November, 1995.

Knierim, J.J., H.S. Kudrimoti and B.L. McNaughton "Place cells, head direction cells, and the
learning of landmark stability.” Journal of Neuroscience, vol 15, 1648-1659 (1995).

Knierim, J.J., H.S. Kudrimoti and B.L. McNaughton "Dynamics of visual cue control over head
direction cells and place cells." (Abstract) Society for Neuroscience Meeting, Miami, FL, November,
1994.

Kudrimoti, H.S., B.L. McNaughton, C.A. Barnes and W.E. Skaggs "Recent experience strengthens
pre-existing correlations between hippocampal neurons during sleep.” (Abstract) Society for
Neuroscience Meeting, San Diego, CA, November, 1995.

Markus, E.J., C.A. Barnes, B.L. McNaughton, V.L. Gladden and W.E. Skaggs "Spatial information
content and reliability of hippocampal CA1 neurons: Effects of visual input." Hippocampus, vol 4,
410-421 (1994).

Markus, E.J., Y. Qin, B. Leonard, W.E. Skaggs, B.L. McNaughton and C.A. Barnes " Interactions
between location and task affect the spatial and directional firing of hippocampal neurons.” Journal of
Neuroscience, vol 15, 7079-7094 (1995). ‘

McClelland, J.L., B.L. McNaughton and R.C. O'Reilly "Why there are complementary learning

systems in hippocampus and neocortex: insights from the successes and failures of connectionist
models of learning and memory." Psychological Reviews, vol 102, 419-457 (1995).
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McNaughton, B.L. Workshop on Advance Technologies for Neuroscience, Rockville, MD, January
1994,

McNaughton, B.L. "Remembrance of places passed: the stuff that dreams are made of." Fest for
David Olton, Boston, MA, January, 1994.

McNaughton, B.L. Neuroscience Seminar Series, Division of Neurobiology, Berkeley University,
Berkeley, CA, February, 1994.

McNaughton, B.L. "The hippocampus, space and attractor neural networks: insights from large scale
parallel recording, Information Transfer Storage and Retrieval.” Human Frontier Science Program,
Hakone, Japan, April, 1994.

McNaughton, B.L. NIMH Conference on the Application of Microelectronic Developments for Neural
and Behavioral Sciences, Columbia, MD, July 1994.

McNaughton, B.L. "Hippocampal memories of recently visited laced and their reactivation during
sleep: experiment and simulation (Abstract).” Twelfth International Australasian Winter Conference on
Brain Research, Queenstown, New Zealand, September 1994.

McNaughton, B.L. "Integration of landmarks, events and self-motion information in the hippocampal
ensemble representation of space.” Workshop on Biological Sensory Fusion, Woods Hole, MA,
September, 1994,

McNaughton, B.L. "Ensemble neural codes for spatial navigation and memory.” 1994 Annual Fall
Meeting of the Biomedical Engineering Society, Tempe, AZ, October, 1994,

McNaughton, B.L. "Ensemble recording from hippocampal neurons: sleep and memory."
Psychology Colloquium, University of New Mexico, Albuquerque, NM, December, 1995.

McNaughton, B.L. Colloguium speaker. Cold Spring Harbor Colloquium, New York, February,
1995.

McNaughton, B.L. "Spatial and temporal dynamics of information processing in neuronal
ensemblies.” Winter Conference on Neural Plasticity, Grenada, West Indies, February, 1995.

McNaughton, B.L. Colloquium speaker, McDonnell Pew Center for Cognitive Neuroscience
Colloquium, Salk Institute, San Diego, CA, March, 1995.

McNaughton, B.L. Symposium speaker, DeCamp Symposium on Neuroscience, Rockefellar
University, New York, April, 1995.

McNaughton, B.L. "Hippocampal Engrams for spatial context: The stuff dreams are made of." The
McDonnell Neuroscience Symposium on Learning and Memory, Washington University, St. Louis,

MO, April, 1995.

McNaughton, B.L. Colloquium speaker, Department of Psychology Colloquium, Chapel Hill, NC,
April, 1995.

McNaughton, B.L. "The hippocampus and spatial memory: insights from multicell recording studies.”
Colloquium, Universidad de Navarra, Pamplona, Spain, May, 1995.

202



II. Program Tasks — Flight Research Discipline: Neurolab

McNaughton, B.L. "Interactions between the internal representations of location and head orientation:
The hippocampus as a dead reckoning system.” Neurology of Human Spatial Orientation, Ibiza,
Spain, May, 1995.

McNaughton, B.L. "Space flight and brain mechanisms of cognition and learning." NASA
Symposium on Neuroscience and Space: A New Frontier, National Press Club, Washington, D.C.
June 1995.

McNaughton, B.L. "Deciphering the hippocampus polyglot.” Fourth International Congress of
Neuroethology, Cambridge, England, September, 1995.

McNaughton, B.L. "Neural models of spatial representation.” Cognitive and Neural Science and
Technology Division of the Department of the Navy, Workshop on Spatial Navigation, Woods Hole,
MA, September, 1995.

McNaughton, B.L. Colloquium speaker, Distinguished Speakers Series in Development, Department
of Psychology, Cornell University, Syracuse, NY, October, 1995.

McNaughton, B.L. Neurobiology of Hippocampal Interneurons Workshop, San Diego, CA,
November, 1995.

McNaughton, B.L. "Deciphering the hippocampal polyglot: The hippocampus as a path-integration
system.” Symposium on the Hippocampus and Beyond, Norwegian Academy of Science, Oslo,
Norway, December, 1995.

McNaughton, B.L. and M. Wilson "Ensemble neural codes for spatial experience and their reactivation
during sleep. Toward a Scientific Basis for Consciousness.” An Interdisciplinary Conference, Tucson,
AZ, April, 1994.

McNaughton, B.L., J.I. Knierim and M.A. Wilson "The Cognitive Neurosciences (contribution:
Vector encoding and the vestibular foundations of spatial cognition: Neurophysiological and
computational mechanisms).” MIT Press, Cambridge, pp 585-595, 1995.

McNaughton, B.L., J. Shen, G. Rao, T.C. Foster and C.A. Barnes "Persistent increase of
hippocampal presynaptic axon excitability after repetitive electrical stimulation: Dependence on N-
methyl-Dasperate receptor activity, nitric-oxide synthase, and temperature.” Proceedings of the
National Academy of Sciences, USA, vol 91, pp 4830-4834, 1994,

McNaughton, B.L., K.M. Gothard and W.E. Skaggs "Context-dependent binding of hippocampal
“place cells” to different feature-centered reference frames." (Abstract) Society for Neuroscience
Meeting, San Diego, CA, November, 1995,

McNaughton, B.L., S.J.Y. Mizumori, C.A. Barnes, B.J. Leonard, M. Marquis and E.J. Green
"Cortical representation of motion during spatial navigation in the rat." Cerebral Cortex, Vol 4, 27-39
(1994).

Moore, K.M., B.L. McNaughton, C.A. Barnes, W.E. Skaggs, C. Duffield and R. D’Monte "Temporal
dynamics of population correlation structure during REM sleep in the hippocampus and neocortex
resembles waking behavior rather than slow-wave sleep.” (abstract) Society for Neuroscience Meeting,
Miami, FL, November, 1994,

Patton, P. and B.L. McNaughton "The connection matrix of the hippocampal formation: I. The
dentate gyrus." Hippocampus, vol 5, 245-286 (1995).
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Patton, P., and B.L. McNaughton "Towards a computational model of the hippocampal formation
incorporating realistic anatomical connectivity: Ammon’s horn area CA3." (Abstract) Society for
Neuroscience Meeting, Miami, FL, November, 1994.

Patton, P. and B.L. McNaughton "Towards a computational model of the hippocampal formation
incorporating realistic anatomical connectivity: Ammon’s horn area CA1 and the subiculum.”
(Abstract) Society for Neuroscience Meeting, San Diego, CA, November, 1995.

Qin, Y., B.L. McNaughton, W.E. Skaggs and C.A. Barnes "Reactivation during sleep of cortico-
cortical and hippocampo-cortical correlation states from preceding behavior.” (Abstract) Society for
Neuroscience Meeting, San Diego, CA, November, 1995.

Qin, Y., E.J. Markus, B.L. McNaughton and C.A. Barnes "Hippocampal place fields change with
navigational context." (Abstract) Society for Neuroscience Meeting, Miami, FL, November, 1994.

Rao, G., C.A. Barnes, B.L. McNaughton and J. Shen "Age-related decrease in the NMDA-mediated
EPSP in RD." (Abstract) Society for Neuroscience Meeting, Miami, FL, November, 1994.

Rao, G., J. Shen, C.A. Barnes and B.L. McNaughton "Preserved LTP induction in CA1 of aged F-344
rats." (Abstract) Society for Neuroscience Meeting, San Diego, CA, November, 1995.

Rolls, E.T., B.L. McNaughton, S. Wiener, A. Treves and J.L. McClelland "How the hippocampus
may work; linking anatomy and physiology to computation.” Spring Hippocampal Research
Conference, Grand Cayman, BWI1, April, 1994,

Samsonovich, A. and B.L. McNaughton "Millisecond temporal structure of memory representations
and hippocampal-dependent cognitive mechanisms.” (Abstract) Society for Neuroscience Meeting, San
Diego, CA, November, 1995.

Shen, B., B.L. McNaughton “Simulation of the spontaneous reactivation of experience-specific
hippocampal cell assemblies during sleep.” (Abstract) Society for Neuroscience Meeting, Miami, FL,
November 1994.

Shen, B., B.L. McNaughton and C.A. Barnes “Matching pursuit analysis enables temporal-
localization of frequency/phase patterns of hippocampal EEG and their relations to the neuronal state
vector during sleep.” (Abstract) Society for Neuroscience Meeting, San Diego, CA, November, 1995.

Skaggs, W.E., B.L. McNaughton, C.A. Barnes, K. Moore, C. Duffield, L. Frank and R. D’Monte
"Sparse vs. distributed population coding in superficial and deep layers of rat neocortex.” (Abstract)
Society for Neuroscience Meeting, Miami, FL, November, 1994.

Skaggs, W.E., J.J. Knierim and B.L. McNaughton "Hippocampal theta and the spatial firing of
dentate gyrus granule cells." (Abstract) Society for Neuroscience Meeting, San Diego, CA,
November, 1995.

Skaggs, W.E., J.J. Knierim, H.S. Kudrimoti and B.L. McNaughton “Advances in Neural Information
Processing Systems 7 (contribution: A model of the neural basis of the rat’s sense of direction).”
Edited by: G. Tesauro, D.S. Touretzky and T.K. Leen MIT Press, Cambridge, pp 173-180, 1995.

Tsodyks, M., W.E. Skaggs, T.J. Sejnowski and B.L. McNaughton "On the phase relation between

excitatory and inhibitory populations during hippocampal theta thythm.” (Abstract) Society for
Neuroscience Meeting, San Diego, CA, November, 19935.
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Uecker, A., G. Rao, B.L.. McNaughton, C.A. Barnes, T.A. Foley and E.M. Reiman "Arousal
dependent activation of FD molecular layer glycogen phosphorylase-A." (Abstract) Society for
Neuroscience Meeting, Miami, FL, November, 1994.

Uecker, A., G. Rao, C.A. Barnes, B.L. McNaughton and E. Reiman "Dentate gyrus glycogen
metabolism is inversely correlated with EEG theta activity.” Society for Neuroscience Meeting, San
Diego, CA, November 1995.

Wilson, M.A. and B.L. McNaughton "Reactivation of hippocampal ensemble memories during sleep"”.
Science, Vol 265, 676-679 (1994).

Wilson, M.A. and B.L. McNaughton "Preservation of temporal order in hippocampal memory

reactiviation during slow wave sleep.” (Abstract) Society for Neuroscience Meeting, Miami, FL,
November, 1994.
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Reduced Gravity: Effects in the Developing Nervous System

Principal Investigator:

Richard S. Nowakowski, Ph.D. Phone: (908) 235-4981
Department of Neuroscience & Cell Biology Fax: (908) 235-4029
Robert Wood Johnson Medical School E-mail: rsn@umdnj.edu
Univ. of Medicine and Dentistry of New Jersey Congressional District: NJ-6
675 Hoes Lane

Piscataway, NJ 08854-5635
Co-Investigators:

Nancy L. Hayes, Ph.D. Robert Wood Johnson Medical School
Funding:

Project Identification: Solicitation: 93 OLMSA-01

Initial Funding Date: Expiration:

FY 1995 Funding: $ Students Funded Under Research: 0

Joint Participation: NIH/National Institute of Neurologic Disorders and Stroke
Flight Information:
Flight Assignment: Neurolab (STS-90, 3/98)

Responsible NASA Center: Ames Research Center

Task Description:

It is proposed to examine the short-term, intermediate-term and long-term effects of space flight and
reduced gravity on the cells of the developing central nervous system (CNS). The objective of these
studies will be to determine the effects on: 1 ) cell proliferation (i.e., possible changes in the number of
proliferating cells or in the number of cells produced and in the length of the cell cycle and of the S-
phase of the proliferating cells); 2) neuronal migration (i.e., the rate of movement and attainment of
proper position; and 3) neuronal differentiation (i.e., the proper orientation of dendrites and axons and
the attainment of appropriate neuronal circuitry). For this analysis, two markers of cell proliferation,
bromodeoxyuridine, which is detected immunohistochemically, and tritiated thymidine, which is
detected autoradiographically, will be used. The two markers will be administered to pregnant mice or
rats) during orbital operations at selected days during the development of the cerebral cortex. The short-
term effects will be assessed by administering these markers and sacrificing the fetuses 2.5 hours later
(after removal by caesarean section). The intermediate-term effects will be assessed by administering
these markers and sacrificing after 1 to 3 day survival. The long-term effects will be assessed by
administering the markers and sacrificing after several weeks of survival (after reentry). For these
studies, the focus will be on the development of the cerebral cortex, which is a well-studied structure
and for which there is a great deal known about normal development. For short-term studies, changes
in the number of proliferating cells, the length of the cell cycle and the length of the S-phase of the cell
cycle will be determined at different ages and after different periods of time in space. For intermediate
term studies, the migratory fate of cells “born” at particular ages will be determined. For long-term
studies, the final position of cells “born” at particular ages will be analyzed. It is planned to collect
brains from specimens of different ages through about 30 days after birth (i.e., P14) at the Kennedy
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Space Center. No multigeneration studies are planned. Ideally, experiments would be performed on
CD-1 mice for which there already is a great deal of data from other NIH supported projects; however,
the experiments could also be performed on rats if the needs of the other participants in Neurolab would
require this.

No additional data was provided by the investigator for this research.
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Role of Visual Cues in Spatial Orientation

Principal investigator:

Charles M. Oman, Ph.D.
Man Vehicle Laboratory Fax: (617) 253-0861

Center for Space Research E-mail: cmo@space.mit.edu
Room 37-219 Congressional District: MA-8
Massachusettes Institute of Technology

77 Massachusettes Avenue

Cambridge, MA 02139-4307

Phone: (617) 253-7508

Co-Investigators:

Ian P. Howard, Ph.D.
Theodore Carpenter-Smith, Ph.D.

Institute for Space and Terrestrial Science, Canada
Massachusetts Institute of Technology

Funding:

Project Identification: E136 Solicitation: 93-OLMSA-01
Initial Funding Date: Expiration:

FY 1995 Funding: $54,000 Students Funded Under Research: 2

Flight Information:

Flight Assignment: Neurolab (STS-90, 3/98)
Responsible NASA Center: Johnson Space Center

Task Description:

The goal of this Neurolab experiment is to better understand how humans transform spatial orientation
cues from egocentric to exocentric frames of reference, so as to perceive linear and angular orientation
(‘tilt", "location", "direction") and linear and angular motion ("speed” & “rotation”). On Earth, gravity
provides an omnipresent cue which anchors our exocentric reference frame. Perceived self-tilt
influences how we recognize objects around us and judge their angular orientation and shape.
Conversely, the tilt, direction, motion and shape of objects influence our own self-tilt, -direction, and -
rotation. Perception of self orientation and object-orientation are thus interdependent. In orbit, as we
move in 3-dimensions, to what extent are we able to maintain a consistent exocentric reference frame?
Does our ability to recognize object orientation and shape depend on this? How does the orientation,
shape, and motion of objects around us influence self-orientation? What is the influence of haptic cues
and otolith unweighting? Astronauts often experience striking, labile "visual reorientation illusions"
and more persistent "inversion illusions". These illusions create a variety of human factors problems,
and can trigger vomiting. That they are so common indicates that ego-/exocentric sensory
transformations are strongly affected by 0-G. We believe it is scientifically and operationally important
to study them in orbit using quantitative methods. For similar reasons, we predict that 0-G will also
strongly influence angular and linear self-motion perception. We predict that the recognition,
orientation and shape of visual objects will depend on the orientation of the exocentric frame of
reference adopted by the observer. Our past research in 0-G has dealt only with self-tilt and -rotation
created by a homogeneous field of random dots rotating about a frontal axis. Results showed astronauts
become more dependent on visual and haptic cues. This Neurolab proposal describes 3 new
experiments, based on existing 1-G paradigms, which are designed to better define ego-/exocentric
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sensory transformations in 0-G; to understand how exocentric frame of reference affects recognition of
visual objects; and how altered CNS gravireceptor cue weighting influences the onset of visually
induced linear motion sensation. Pre- and post-flight controls are required. The tests measure: 1) the
influence of scene symmetry, scene rotation, orientation expectation and haptic cues on self-tilt; 2) the
effect of perceived orientation on visual object recognition and shape perception; and 3) the onset of x-
axis illusory linear self-motion ("looming linear vection”) with and without haptic cues. Experiments
1 and 3 require the NASA Virtual Environment Generator workstation or alternative helmet mounted
display to present controlled visual scenes to both free floating and restrained astronauts.

Our proposal was selected for definition in May 1994. We then worked with others involved in the
Sensory Motor and Performance Group on the mission to develop an integrated proposal, which was
reviewed and accepted in March 1995. Since then, Dr. Oman has been participating in Investigator
Working Group meetings.

Many people are familiar with the illusions of visually induced seif-tilt, circular-vector and linear-vector
through personal experiences in IMAX and "Circle Vision" theaters, amusement park rides (e.g.,
Disney "Star Tours"; Universal's "Back to the Future"), or new "virtual reality” entertainment systems.
There is currently considerable interest in using helmet-mounted "virtual reality" display techniques in a
wide variety of applications in surgery, architecture, arts, education, manufacturing, mining, etc.
Results from the Neural studies of interaction between visual, vestibular, and proprioceptive orientation
cues in 0-g are generically applicable to the design of night simulator and "virtual reality" vision,
motion, and cueing systems. Users of many existing systems report difficulty maintaining a
consistent spatial frame of reference and motion sickness, because insufficient attention has been paid
to providing appropriately matched visual, vestibular, and proprioceptive orientation cues. The
laboratories of all three investigators for this experiment (Oman, Howard, and Carpenter-Smith) are
currently engaged in the study of the role of vision in a variety of both real and virtual environments.
The vertebrate nervous system evolved in an environment where the stimulus to the various vestibular
and proprioceptive gravireceptors invariably changed whenever the orientation of the body was altered.
The unique weightless environment of orbital flight allows us to experimentally separate the visual,
vestibular, and proprioceptive cues of orientation, and thus to better understand the role of gravity in
the fundamental sensory, motor, and cognitive mechanisms which normally subserve spatial
orientation on Earth. These are the mechanisms which allow us to stand and move about actively in
the environment, all the while maintaining the sense of place and direction and the stability of the
visual world. The investigators only become aware of these functions when they are compromised by
inner ear or central nervous system disease. If this happens, our everyday lives are profoundly affected.
Unfortunately, more than 90 million Americans suffer from some type of balance disorder. Patients
with inner ear disorders often have difficulty walking at night or in crowded places, cannot see clearly,
particularly when moving, cannot safely drive, and sometimes suffer incapacitating bouts of vertigo and
nausea and injurious falls. Humans with hippocampal lesions or Alzheimer's disease show
impairments on a wide variety of spatial and navigational tasks. There is much research interest in
development of new methods for evaluating a patient's ability to use visual and proprioceptive cues in
maintaining their balance and orientation, and for improving balance function via rehabilitative
training. Portable head mounted displays, akin to those used in this Neural experiment, may well
prove useful for such testing and training, and perhaps someday even as visual prostheses for
vestibularly impaired patients.
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Effects of Microgravity on Neuromuscular Development

Principal Investigator:

Danny A. Riley, Ph.D. Phone: (414) 456-8468
Department of Cellular Biology & Anatomy Fax: (414) 266-8496

Medical College of Wisconsin E-mail: dariley @post.its.mcw.edu
8701 Watertown Plank Road Congressional District: WI-5

Milwaukee, WI 53226
Co-Investigators:

Margaret T. T. Wong-Riley, Ph.D. Medical College of Wisconsin
Funding:
Project Identification: Solicitation: 93 OLMSA-01
Initial Funding Date: 8/94 Expiration: 11/99
FY 1995 Funding: $35,833 Students Funded Under Research: 5

Joint Participation: NIH/National Institute of Neurologic Disorders and Stroke
Flight Information:

Flight Assignment: Neurolab (STS-90, 3/98)

Responsible NASA Center: Ames Research Center

Task Description:

Space flight and hindlimb suspension unloading studies indicate that weightbearing may be required for
normal development of the motor systems of land animals. Our long term goal is to understand the
influence of microgravity on the development, maturanon and maintenance of the neuromuscular
system of terrestrial mammals, including humans. The proposed studies of rats will explore the
hypothesis that gravity-associated weightbearing is required postnatally for normal neuromuscular
development of motoneurons, neuromuscular junctions, and muscle fiber types of the antigravity
soleus muscle, but not for that of the extensor digitorum longus (EDL), a nonweightbearing muscle.
Rat pups (8 days old) will be exposed to microgravity for 16 days. Parallel groups of ground controls
will be conducted on normal and hindlimb suspended unloaded (HSU) rats. This will generate baseline
data on the effects of suspension unloading on the development of the neuromuscular system.
Comparison of these findings with flight results will verify the fidelity of the suspension model for
simulating microgravity effects on neuromuscular development. Space flight is expected to cause
persistence of neonatal attributes and/or the development of anomalies in the soleus, but not in the
EDL, and returning animals to terrestrial gravity is not predicted to reverse completely the aberrances.
These results will have strong implications for rearing normal animals, including humans, in the
microgravity environment of space, and will further our understanding of the importance of
weightbearing activity for motor system development of human infants on Earth.

Efforts have been made to adapt ground-based standard, laboratory techniques to work under the
constraints of the Spacelab facilities and the microgravity environment. Prolonged immersion fixation
and 2 weeks of refrigerated storage of fixed muscles was found to be compatible with histochemical
staining of neuromuscular junctions. Room temperature storage was unacceptable, necessitating use of
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the Spacelab refrigerator. In the process of modifying the endplate staining procedure, an improved
staining method utilizing UV light photoactivation developed which will benefit Earth-based studies
utilizing the technique. Quick freezing on orbit at liquid nitrogen temperature appears feasible when
excised tissues are wrapped in aluminum foil and placed into dry nitrogen shippers. The cold
temperature holding time of the commercial unit was insufficient for a 16 day Neurolab mission.
Other units will be tested or the existing unit modified for a longer holding capacity. A one way valve
to prevent frozen muscles from floating out of the dewar in microgravity will be designed and tested. A
stage was designed and tested for video and still photography recording of neonatal rat postflight
movements and health status. A prototype microinjection syringe was developed for injecting Nuclear
Yellow into neonate muscles to retrograde label soleus and EDL muscle motor neurons. The prototype
delivers 1 ml quanta of dye into the muscle. NASA engineers are developing a flight unit for testing.
Spinal cord preservation is best accomplished on Earth by whole rat perfusion with warm buffered
saline followed by cold aldehyde fixative solution. Adapting this procedure to microgravity presents
problems of fixative containment. Alternative procedures were tested which consisted of saline only
perfusion followed by immersion fixative in flight approved fix bags. A method of pressure injection
of saline was developed to quickly remove the spinal cord from the vertebral column for immersion
fixation. Anesthetic concentrations and delivery methods were tested for different aged neonates for
definition of appropriate anesthesia for muscle injection survival surgery and perfusion euthanasia.

Future work will involve continued preparations for flight and examination of the effects of simulated
flight by hindlimb suspension unloading experiments. The tasks will include completion of analysis
of NIH.R3 tissues, studies of the effects of retrograde motoneuron labeling on motoneuron metabolic

properties, examination of hindlimb suspension unloading effects on the neuromuscular systems of 8-
day-old rats, further definition of inflight animal processing protocols, and testing of prototype flight

hardware.

Examination of neuromuscular development in microgravity is important for understanding the basic
biology of nerve and muscle development and the role of gravity in development of humans on Earth.
The neuromuscular system of the 8-day-old neonatal rat matures by 21 days which is comparable to the
last 2 months in utero and first year of life for a human infant. Premature infants, living in incubators,
are deprived of exercising their legs against the uterine wall, and infants may have diseases that limit
normal weightbearing activity. To what degree compromised weightbearing delays or permanently
alters normal neuromuscular development is unknown. The studies of neonatal rats will provide
valuable insights into the role of gravity in the development process and if appropriate, may indicate
exercise procedures to promote normal development in compromised infants.

Publications, Presentations, and Other Accomplishments:

Krippendorf, B.B. and D.A. Riley "Temporal changes in sarcomere lesions of rat adductor longus
muscles during hindlimb reloading.” Anat. Rec, vol 238, 304-310 (1994).

Riley, D.A., J.L. Thompson, B.B. Krippendorf and G.R. Slocum "“Review of space-flight and
hindlimb suspension unloading induced sarcomeric damage and repair." Basic Appl. Myol., vol 5, 135-
141 (1995).

Riley, D.A., J.R. Sanger, N.J. Yousif, H.S. Matloub, M.Y. Macias and J.L.W. Bain
"Histochemically-aided microsurgical repair of injured human peripheral nerves.” Amer. Inst. Aero.
Astro., (1995).

Riley, D.A., S. Ellis, G.R. Slocum, F.R. Sedlak, J.L.W. Bain, C.T. Lehman, M.Y. Macias, J.L.
Thompson, K. Vijayan and J.A. DeBruin "SLS-2 inflight and postflight changes in skeletal muscles
of 14-day-spaceflown rats." Amer. Soc. for Gravitational and Space Biology, Bulletin 8, no 85,
(1994).
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Thompson, J., E.M. Balog, D.A. Riley and R.H. Fitts "Sarcomeric lesion progression in atrophic
muscle following eccentric contraction.” Amer. Soc. for Gravitational and Space Biology, Bulletin 8,
no 94, (1994).

212



II. Program Tasks — Flight Research Discipline: Neurolab
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Task Description:

Alterations in autonomic nervous system function are likely responsible for many of the physiologic
responses to space. Our overall objective is to determine in a definitive manner the effect of
microgravity on the autonomic nervous system, combining physiologic, biochemical and
pharmacologic approaches.

In clinical protocols defined in ground-based studies and carried out in subjects studied preflight and
during the Neurolab mission, we will assay plasma and urinary catecholamines and their metabolites,
using HPLC with electrochemical detection, to define circulating levels of norepinephrine, epinephrine
and dopamine, their response to exercise, and their intra-and extra-neuronal metabolism. We will
administer tracer doses of tritiated norepinephrine to assess norepinephrine spillover and determine
whether alterations in clearance or release are responsible for the decreased plasma levels seen during
space flight. We will directly measure sympathetic nerve traffic with microneurography and compare
the responses of efferent sympathetic activity to physiologic stimuli such as carotid baroreflex loading
and unloading with a neck chamber and skeletal muscle afferent stimulation with isometric and isotonic
forearm exercise. Sympathetic baroreflex function will be tested with pharmacologic stimuli
(phenylephrine and nitroprusside). We will also determine, in these same subjects, the number and
affinity of beta-adrenergic receptors on lymphocytes and alpha2-adrenergic receptors on platelets before
and during exposure to microgravity. We will utilize isoproterenol and phenylephrine to quantitate the
sensitivity of alphal and beta-adrenoreceptor function. Finally, we will define the effects of
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promethazine, commonly used to mitigate the space adaptation syndrome, on these parameters. These
studies will provide a complete and definitive assessmént of sympathetic function in space, and will
serve as a basis for subsequent studies of potential countermeasures.

Our main objectives remain unaltered. However, we have worked in the past year to modify the
methodology included in our original proposal. This was necessary to accommodate for operational
requirements and scientific integration with other Neurolab research studies. The state-of-the-art
techniques used to assess sympathetic function remain the same. We will continue to use them to
determine the effect of microgravity on "resting” sympathetic function and baroreflex function. In the
past year we have altered the stimuli that will be used to unload the baroreflex.

Previous studies, however, have only assessed the parasympathetic limb of the baroreflex. It is not
known, therefore, if similar alterations in the sympathetic limb of the baroreflex occur. We will assess
this using phenylephrine to load, and nitroprusside to unload arterial baroreceptors. We will now use
relatively low levels of lower body negative pressure (LBNP) to unload high and low pressure
baroreceptors. This approach has the advantage of simulating orthostatic stress in flight.

For this purpose, we have evaluated an LBNP chamber developed by Dr. Friedhelm Baisch. Initial
results indicate the feasibility of using this chamber to perform microneurography during LBNP in
space.

An important operation consideration in Neurolab is the potential conflict between experiments. It is
possible that studies performed by other investigators may affect autonomic function and, therefore,
confound our results. For example, vestibular stimulation is an important scientific component to
Neurolab, but its effect on autonomic function is not well understood. We have recently determined
that selective stimulation of vestibular afferents, using cold irrigation of the ear, does not alter
sympathetic nerve activity or plasma catecholamines. Further studies are under way to assess this and
other potential interactions.

The results of these studies will improve our understanding of autonomic mechanisms that regulate
blood pressure. It is hoped that this will be translated in the development of improved countermeasures
to alleviate the orthostatic symptoms astronauts experience upon return to earth. It should be noted
that Orthostatic Intolerance is the most common autonomic abnormality that affects a substantial
number of patients. These patients are usually young and otherwise normal, but are significantly
disabled by their inability to remain upright because of symptoms of cerebral hypoperfusion. This
disorder is poorly understood and, therefore, treatment remains inadequate. We believe the knowledge
gained by the Neurolab experiments will help improve the treatment of these patients.

Publications, Presentations, and Other Accomplishments:

Baker, L., Shiavi, R., Elkabani, M., and Robertson, D. "Automated detection of microneurographic
activity and estimation of burst parameters (Abstract).” Clin. Auton. Res., §, 329 (1995).

Biaggioni, I. "Orthostatic intolerance syndrome, vasoregulatory asthenia, and other hyperadrenergic
states. Chapter 12 in: Disorders of the Autonomic Nervous System." Edited by: Robertson, D. and
Biaggioni, I. Harwood Academic Publishers: London, pp 271-285, 1995.

Biaggioni, I. and Mosqueda-Garcia, R. "Adenosine in cardiovascular homeostasis and the
pharmacologic control of its activity. In: Hypertension: Pathophysiology, Management, and
Diagnosis.” Edited by: Laragh, J. and Brenner, B.M. Raven Press: New York, Second Edition, 1995.

Carey, E.L., Robertson, D., Wells, J.N., Hoover, P., Tamtemgcp, M.V., and Robertson, R M.

"Contraction of isolated porcine coronary arteries is inhibited by high concentrations of propranolol.”
Angiology, 46, 453-460 (1995).
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Res., 5, 327 (1995).

Jacob, G. and Robertson, D. "Orthostatic hypotension: epidemiology, pathophysiology, and
management.” Current Opinion in Nephrol. and Hypertens., 4, 452-454 (1995).
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"Hyporeninemic hypovolemia: An etiology of orthostatic hypotension (Abstract).” Clin. Auton.
Res., 5, 319 (1995).
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21, 529-534 (1995).
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Robertson, D. "Baroreflex failure: diagnosis and management." Primary Cardiology, 21, 37-40
(1995